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RESUMO

Puca (Mouriri elliptica Mart) e gabiroba (Campomanesia adamantium
(Cambess.) O. Berg) séo frutos do Cerrado com alta qualidade nutricional e teor
de compostos bioativos comprovadamente benéficos a saude. Apresentam
caracteristicas favoraveis ao desenvolvimento de diversos produtos de interesse
comercial. O processamento desses frutos pode gerar um volume significativo
de residuos, compostos principalmente por casca e sementes, que podem ter
caracteristicas nutricionais relevantes para alimentagdo humana, incluindo
potencial prebidtico. Portanto, o objetivo deste estudo foi investigar o potencial
prebiético de residuos de pucd (RP) e gabiroba (RG), frente a bactérias
probioticas. A caracterizacdo dos residuos foi realizada por meio de analise
centesimal, teor de fibras, aclcares, 4cidos organicos e perfil de compostos
fendlicos. A capacidade fermentativa de Lactobacillus acidophilus LA-05,
Lactobacillus casei L-26 e Bifidobacterium animalis subsp. lactis BB-12 e os
escores de atividade prebiotica (EAP) na presenca de duas estirpes de
Escherichia coli foram avaliados. RP e RG apresentaram elevados teores de
fibra alimentar (55,70% e 65,29%), lipidios (18,48% e 13,05%) e RP apresentou
consideravel teor de carboidratos (12,90%). Concentracdes consideraveis de
compostos fendlicos foram encontradas nos residuos: catequina (44,71 mg.L1 +
1,49 em RG) e procianidina B2 (12,97 mg.L* + 0,33 em RP e 13,88 mg.L* £ 0,72
em RG). O cultivo dos probiéticos em meio contendo RP e RG (20 g.L?) foi
promissor pois as contagens bacterianas foram elevadas (9,27-13,23 log
UFC.mL1), o pH foi reduzido, os EAP foram positivos e semelhantes ao de
fructooligossacarideos (20 g.L'') para todas as estirpes, houve aumento da
producdo de acidos graxos de cadeia curta (latico, acético e propiénico) e do
consumo de glicose e frutose ao longo do tempo, indicando atividades
metabdlicas intensas. Os compostos fendlicos de ambos os residuos pareceram
estar envolvidos no mecanismo de atividade prebidtica positiva encontrada.
Portanto, os residuos de puca e gabiroba sao potenciais ingredientes prebibticos
para uso na formulacao de alimentos, aumentando o valor nutricional e reduzindo
possiveis impactos negativos ao meio ambiente que seus descartes poderiam
ocasionar.

Palavras-chave: potencial prebidtico; Lactobacillus; Bididobacterium; frutos do
Cerrado.



ABSTRACT

Prebiotic potential of pucé (Mouriri elliptica Mart.) and gabiroba
(Campomanesia adamantium (Cambess.)) O. Berg residues on different
species of probiotic microorganisms

Puca (Mouriri elliptica Mart) and gabiroba (Campomanesia adamantium
(Cambess.) O. Berg) are fruits from Cerrado Savannah with high nutritional
quality and content of bioactive compounds proved to be beneficial to health. Due
to their favorable characteristics for industry food applicability, the fruit processing
can generate a significant volume of residues, mainly composed by peel and
seeds, that are nutritionally relevant and can be added into human food and may
present prebiotic potential. Therefore, the aim of this study was to investigate the
prebiotic potential of freeze-dried residues from puca (PR) and gabiroba (GR).
For this, the residues characterization was carried out through proximate
analysis, fiber content, sugars, organic acids and phenolic compounds contents.
The fermentative capacity of Lactobacillus acidophilus LA-05, Lactobacillus casei
L-26 and Bifidobacterium animalis subsp. lactis BB-12 and the prebiotic activity
scores (PAS) in the presence of two strains of Escherichia coli were evaluated.
PR and GR presented high levels of dietary fiber (55.70% and 65.29%), lipids
(18.48% and 13.05%), and PR showed considerable carbohydrate content
(12.90%). Substantial content of phenolic compounds were found in the residues:
catechin (44.71 mg.L! + 1.49 in GR), procyanidin B2 (12.97 mg.L* + 0.33 in PR
and 13.88 mg.L1 + 0.72 in GR). Cultivation of the probiotics in media with PR and
GR (20 g.LY) was promising, with high bacterial counts (9.27-13.23 log CFU.mL"
1), decrease in pH values and positive PAS for all strains, similar to
fructooligosaccharides (20 g.L1), increased production of short-chain fatty acids
(i.e., lactic, acetic, and propionic) and consumption of glucose and fructose over
time, indicating intense metabolic activities. The phenolic compounds of the both
residues may be involved on the mechanism of the prebiotic activity observed.
Therefore, the residues from pucd and gabiroba are potential prebiotic
ingredients for use in formulation of foods, increasing the nutritional value and
reducing the negative impacts on the environment that can caused by their
discard.

Keywords: prebiotic potential; probiotic; Lactobacillus; Bifidobacterium, Cerrado.
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CAPITULO 1

1 INTRODUCAO

A flora brasileira € uma das mais biodiversificadas Savanas tropicais do
mundo, em que destacam-se varios frutos comestiveis nativos do Cerrado?.
Apresenta uma diversidade de espécies frutiferas de formatos, cores, aromas e
sabores peculiares, sendo que a parte comestivel destes frutos tém sido
documentada na literatura, em termos de sua qualidade nutricional e contetdo
de compostos bioativos benéficos a saude?.

Entre as diversas espécies frutiferas do Cerrado, Mouriri elliptica Mart. é
produzida por espécies da familia Melastomataceae que pode ser encontrada
em varios estados brasileiros, principalmente em Goias®. O fruto, conhecido
como pucd, possui formato arredondado de cor amarela-esverdeada e com a
polpa laranja de sabor adocicado. Contém vitamina C, carotendides,
antocianinas e flavonoides, o que determina o seu elevado potencial antioxidante
e justifica a sua insercdo na alimentacdo humana®’. Além da qualidade
nutricional, o pucéd apresenta caracteristicas favoraveis, do ponto de vista
tecnoldgico, para a aplicabilidade na indulstria de polpas e sucos’. Outro fruto
encontrado no Cerrado goiano € a gabiroba (Campomanesia adamantium
(Cambess.)) O. Berg, que pertence a planta Campomanesia adamantium. Os
frutos sdo pequenos, amarelo-esverdeados e de formato arredondado. Eles
possuem polpa esbranquicada envolvendo varias sementes e importantes
nutrientes como fibras, ferro, potassio e calcio, e elevados teores de
antioxidantes®. A parte comestivel da gabiroba apresenta sabor doce e
rendimento consideravelmente alto, sendo um fator importante para intensificar
Seu uso como matéria-prima para compotas, geleias, sorvetes, picolés, sucos e
licores, com boa aceitacédo sensorial®1°.

Nesse sentido, observa-se que estes frutos apresentam potencial
tecnoldgico para o desenvolvimento de produtos em escala industrial, sendo ja
utilizados para a producéo de picolés em Goias. No entanto, o processamento
destes pode contribuir para a producdo de uma quantidade significativa de

residuos, compostos principalmente pela casca e semente. Pela falta de
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infraestrutura e informacdes para tratar os residuos gerados, estes muitas vezes
sdo descartados no meio ambiente sem qualquer utilizacdo comerciall.

As caracteristicas das polpas de puca e gabiroba ja sdo conhecidas,
porém estudos sobre a casca e semente sdo restritos apenas a composicao
centesimal e alguns compostos bioativos dos residuos da gabiroba 2. No
entanto, sementes de frutos do Cerrado ja apresentam grande potencial de
aproveitamento devido ao alto teor de Oleo, enquanto as cascas possuem
concentracdes consideraveis de fibras alimentares!®. Dessa forma, os residuos
destes frutos podem apresentar caracteristicas relevantes que tornam viaveis o
desenvolvimento de alternativas para a sua utilizacdo na elaboracédo de novos
produtos de alto valor nutricional, uma vez que consumidores estdo cada vez
mais tendenciados a apresentar interesse maior em opg¢des alimentares que
apoiam a salde intestinal*4. Ao mesmo tempo, o estudo do residuo traz solucdes
para a diminuicdo do impacto ambiental negativo causado pela geracdo
excessiva desses subprodutos®®16,

Estudos tém investigado o valor funcional de frutos e seus residuos,
visando seu aproveitamento pela industria de alimentos, e a atividade prebiotica
in vitro, utilizando culturas probiéticast1’-°, Os prebidticos sdo substratos
alimentares que beneficiam o individuo estimulando seletivamente os
microrganismos hospedeiros?°, promovendo melhorias na salde como o
aumento da absor¢édo de minerais, estimulo do sistema imunolégico, prevencédo
do cancer de cdlon e de infeccdes gastrointestinais, e a reducédo do tempo de
transito intestinal’?2, O alto teor de carboidratos ndo digeriveis presente em
frutos os tornam uma potencial fonte de propriedades prebidticas?3.

Neste contexto, o presente estudo teve por objetivo avaliar o potencial
prebidtico in vitro de residuos do puca e gabiroba. Para tanto, foi determinada a
composicdo centesimal dos residuos estudados, bem como a capacidade de
culturas de Lactobacillus e Bifidobacterium, com reconhecido potencial
probidtico?*, em utilizar estes residuos como fonte de carbono e nutrientes. Os
efeitos dos residuos sobre a atividade metabdlica bacteriana também foram

avaliados.
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2 REVISAO DE LITERATURA

2.1 CARACTERISTICAS FISICAS, SENSORIAIS E COMPOSICAO
NUTRICIONAL DOS FRUTOS

2.1.1 Mouiriri elliptica Mart.

A flora brasileira € caracterizada por uma grande diversidade, onde
destacam-se varios frutos comestiveis nativos do Cerrado produzidos por
espécies da familia Melastomataceae. Como representante desta familia, a
Mouriri elliptica Mart. (Figura 1) é uma espécie que pode ser encontrada em
varios estados brasileiros, como Mato Grosso, Mato Grosso do Sul, Tocantins,
Ceara e Goias. Os frutos sdo popularmente conhecidos como puca, croada,
coroa de frade, croadinha, pucazeiro e manipuca. Pertencem a divisdo
Magnoliophyta, classe Magnoliopsida, subclasse Rosidae, superordem
Myrtanae e ordem Myrtales®.

E uma espécie frutifera arbérea, que pode atingir de quatro a seis metros
de altura, tipica do Cerrado, a frutificacdo ocorre de agosto a dezembro e por
ndo ser climatérico, quando colhido verde, o fruto ndo amadurece?®.
Caracterizam-se por serem arredondados, amarelados-esverdeados e com
mesocarpo laranja de sabor adocicado. Além da polpa, o puca € composto por
casca e trés a cinco sementes de tegumento rigido e coloragédo

amarronzada?>:25,

Figura 1. a) Planta adulta de Mouriri elliptica (Mart.); b) Frutos em maturagéo e
suas flores; ¢) Fruto maduro com trés sementes.

e s |

Fonte: prépria autora, 2021.
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A polpa do fruto apresenta elevado potencial antioxidante, em razao da
presenca de vitamina C, carotendides, antocianinas e flavondides, o que justifica
a sua insercdo na alimentacdo humana®’. A espécie também possui
propriedades medicinais, podendo ser um recurso para industria farmacologica
pela presenca de acidos fendlicos e taninos?’.

O fruto apresenta pH 4,42, considerado moderadamente &cido’. Em
estudo feito por Sato et al.?8, a polpa de pitaya apresentou pH 4,75, enquanto na
casca de mangostdo foi 4,0, e na casca e polpa de mandacaru 4,7, valores
semelhantes ao encontrado na polpa e casca do puca. Além de determinar o
estado de deterioracdo do fruto, o pH pode indicar a aplicabilidade do puca na
industria alimenticia, uma vez que possui valores proximos a frutos amplamente
utilizados para producdo de polpas e sucos?®-32, A polpa do pucad possui
percentuais consideravelmente baixos de amido®. Do ponto de vista tecnolégico,
baixos niveis desse polissacarideo pode auxiliar na extragdo manual da polpa,
sendo mais uma caracteristica favoravel a insercéo do fruto em nivel industrial.

Apesar da escassez de estudos com o residuo do puca, composto por
sementes e casca, essa fracdo do fruto também apresenta importancia
nutricional. Ao analisarem folhas e cascas de um fruto do mesmo género Mouriri,
Bonacorsi et al.®* observaram que este residuo foi eficaz na cicatrizagdo e
prevencdo de Ulceras gastricas em ratos por apresentarem taninos, flavondides
e epicatequina em sua composi¢ao.

Nesse sentido, estudos sobre Mouriri elliptica Mart. sdo restritos a
levantamentos sobre a polpa do fruto, enquanto analises das sementes e cascas
se restringem a ciéncia agrotecnolégica?®3®. Por isso, a andlise do residuo total
do puca (casca e semente) € inovadora e importante para agregar valor

nutricional a esse fruto pouco valorizado pela populagao local.

2.1.2 Campomanesia adamantium (Cambess.) O. Berg

A gabiroba, também conhecida como guabiroba, guabiroba-do-campo e
guavira, pertence a familia Myrtaceae, que inclui 130 géneros e cerca de 4000
espécies. O fruto apresenta estrutura arredondada, sendo considerado um fruto
do tipo baga. Sua coloracao altera de acordo com o processo de maturacao,

podendo variar do verde-escuro ao amarelo e conter de uma a nove sementes



19

(Figura 2). Existem divergéncias entre os estudos que caracterizam fisicamente
os frutos de Campomanesia sp., em razdo das diferentes espécies existentes
estudadas ainda ndo domesticadas, o que leva a variacdo das caracteristicas
morfofisioldgicas do fruto correspondente e podendo também estar relacionada
as condicbes climéticas da regido e ao tipo de solo. Quando pronto para a
colheita, o fruto de Campomanesia pubescens apresenta peso meédio de 4,5 g,

diametro longitudinal de 18 mm e diametro transversal de 19,5 mm?®3,

Figura 2. a) Flores de Campomanesia adamantium; b) Frutos em maturacao; c)
Fruto maduro pronto para colheita.

A parte comestivel da gabiroba inclui a casca e a polpa, que apresenta
coloragdo amarelada. Os frutos de C. cambessedeana apresentam peso total
aproximado de 4 g e contam com 1,5 g de massa comestivel. Por isso, o
rendimento da polpa da gabiroba € considerado elevado, sendo um fator
importante para o desenvolvimento de alternativas que promovam a sua
utilizacdo como matéria-prima®. Como outras espécies pertencentes a familia
Myrtaceae, a polpa do fruto apresenta aroma citrico, agradavel e sabor
adocicado, o que leva a ser consumida in natura ou na forma de doces em
compota, geleias, sorvetes, picolés, sucos e licores, apresentando boa
aceitabilidade?°.

Dentre as diversas espécies de gabirobeiras (Campomanesia sp)
existentes, os frutos comumente encontrados na regido central do Estado de
Goias sao os de C. adamantium. Um estudo realizado com polpas de frutos

dessa espécie coletados nessa regido, revelou teor de umidade elevado
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(80,8%), baixo valor energético (49,1 kcal.100 g!) e valores consideraveis de
macronutrientes, acido ascorbico e fibras, resultado similar ao encontrado nas
gabirobas da regido Oeste do Estado de S&o Paulo, que apresentaram altos
teores de umidade (75,9%), carboidratos (11,6%), proteinas (1,6%), fibra
alimentar (9,0%) e, principalmente, acido ascérbico (234 mg.100 g1)83’. Silva et
al. (2008)3 também demonstraram resultados compativeis, ressaltando a
ingestao do fruto como uma consideravel fonte de nutrientes.

Além dos nutrientes e compostos inorganicos encontrados, a polpa da
gabiroba (C. adamantium) apresentou alto contetdo de fendlicos (1222,59 mg
GAE.100 g?! FW) dentre eles, catequinas?. Malta et al. (2013)%° também
detectaram altos teores de flavondides nos frutos da espécie C.
cambessedeana, 0 que pode explicar suas potenciais atividades funcionais.
Plantas de solos &cidos apresentam altos niveis de producdo de metabdlitos
secundarios, como os fendlicos, por isso observa-se alta concentracdo destes
em frutos do Cerrado®.

Foram identificados poucos estudos que caracterizassem quimicamente
a parte residual do fruto, composta pela casca e semente. Nesses estudos, foram
encontrados teores de lipideos, proteinas, potassio, zinco, sddio, fibra alimentar,
fendlicos totais e conteldo energético consideravelmente maiores no residuo
comparados aos da polpa, indicando potencial atividade antioxidante da
gabiroba e relevancia do aproveitamento do residuo deste fruto®12.

2.2 GERACAO DE RESIDUOS DE PUCA E GABIROBA

O desperdicio de alimentos e o excesso de residuos gerados a partir de
perdas durante o processamento sdo temas atuais de grande preocupacao e
mobilizacdo mundial'®. A Food and Agriculture Organization of the United
Nations (FAO) demonstra que 1,3 bilhdo de toneladas de alimentos sao jogados
fora por ano no mundo, onde o Brasil ocupa o décimo lugar no ranking mundial
dos paises que mais perdem alimentos*°. As perdas de alimentos sédo causadas
por diversos motivos, entre eles, as ineficiéncias nas cadeias de infraestrutura e
logistica, e também a falta de conhecimento ou de investimento em
tecnologias*®41. Alimentos de origem vegetal, durante toda sua cadeia produtiva,

podem apresentar perdas significativas nos processos de colheita tardia,
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condigbes climaticas ndo favoraveis, armazenamento inadequado, falta de
planejamento e a ndo utilizacéo integral de frutos*2. A perda de alimentos de
origem vegetal impacta negativamente o planeta, devido a utilizacdo em vao de
recursos ambientais, tais como o solo, energia, agua e insumos*.

Uma grande quantidade de subprodutos € gerada diariamente pela
industria de processamento de alimentos. Estima-se que frutas inteiras
processadas podem gerar subprodutos que compreendem até 90% dessas
frutas, incluindo cascas, sementes e polpas*. A alta perecibilidade dos frutos
contribui para a formacao de residuos e a sua deposi¢cao no meio ambiente, nas
aguas ou no solo geram impacto ambiental. Além disso, ha perda de produto que
ainda possui valor nutricional e econémico agregados. Com a crescente
conscientizacdo ambiental, diversos segmentos do mercado, 6rgdos
governamentais, industrias e pesquisadores visam soluc¢des para a diminuicdo
do impacto negativo da geracéo excessiva de residuos?'®.

Contextualizando a situacdo do Brasil em virtude das problematicas
citadas, a valorizacdo e utilizacdo sustentavel de um bioma regional torna-se
necessaria. Nesse sentido, € importante ressaltar os frutos nativos do Cerrado
gue se destacam pelo seu potencial nutritivo, consumo in natura e potencial de
utilizacdo em diferentes prepara¢des, sendo considerados matérias-primas para
a elaboracdo de produtos alimenticios**. A utilizacdo dos residuos do
processamento de frutos tem sido estudada e demonstrou resultados positivos
qguanto a reducédo do desperdicio de alimentos. Os residuos podem conter muitas
substancias de alto valor nutricional, como vitaminas, carotendides, polifendis e
minerais que podem agregar beneficios a salde humana, além de utilizar o
alimento de forma integral, contribuindo para a sustentabilidade e reducéao da
producdo de residuos organicos*>46. A maioria dos frutos do Cerrado frutificam
durante dois ter¢cos do ano, no periodo compreendido entre os meses de agosto
e margo, quando ocorre maior consumo e aproveitamento agroindustrial desses
frutos 47.

O residuo de gabiroba, constituido de casca e sementes, foi utilizado
como ingrediente enriquecido na elaboracdo de hamburguer de tilapia, alterando
a coloracéo do hamburguer de tilapia, aumento no teor de umidade e de fibras,
gerando um produto funcional, segundo legislacdo®®. JA os residuos de puca

ainda ndo foram utilizados para a elaboracdo de produtos na literatura, no
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entanto, o fruto € bastante consumido in natura, e utilizado para a elaboracao de
doces, sorvetes e geleias, gerando um volume consideravel de residuo .
Assim, estes residuos organicos devem ser estudados com o intuito de
valorizar e estimular o seu aproveitamento integral. A literatura demonstra
grande potencial de insercdo desses frutos na alimentacdo humana e no
desenvolvimento de produtos alimenticios em escala industrial*®- Além disso, o
consumo destes frutos, bem como sua exploracdo tecnoldgica, deve ser
incentivado de forma sustentavel a fim de valorizar as espécies nativas do

Cerrado e reduzir o desperdicio e o impacto ambiental.

2.3 PREBIOTICOS

Os prebioticos sao substratos nao digeriveis usados como nutrientes para
0S micro-organismos presentes na microbiota intestinal. O efeito desses
compostos pode se estender apenas a alguns grupos microbianos, e ndo a
todos. Além desse critério para ser classificado como um prebidtico, um
substrato ndo deve gerar consequéncias negativas para o hospedeiro, como a
distensédo abdominal por meio do excesso de producao de gas, ou o crescimento
de micro-organismos patogénicos?°.

A associagdo entre prebidticos e beneficios a saude tem sido
documentada na literatura®®5!, As bactérias intestinais desempenham um papel
importante no metabolismo das fibras alimentares, uma vez que as enzimas
humanas sao incapazes de digerir completamente essas substancias. Varios
produtos intermediarios e finais sdo formados no processo de fermentacéo,
incluindo gases, acidos graxos de cadeia curta (AGCC), acidos organicos, acidos
graxos de cadeia ramificada e outros produtos de protedlise?l. Os principais
AGCC gerados, como resultado de varias vias metabdlicas bacterianas, séo
acetato, propionato e butirato?°. Além de suas funcGes em vias de sinalizagdo do
hospedeiro, os AGCC sao conhecidos por seus efeitos favoraveis sobre a
imunidade, integridade das células epiteliais gastrointestinais, homeostase da
glicose, metabolismo lipidico e regulacéo do apetite®2.

Carboidratos nao digeriveis, tais como frutooligossacarideos (FOS),
inulina e galactooligossacarideos (GOS) séo reconhecidos como prebidticos na
literatura®®. GOS é derivado da lactose encontrada naturalmente no leite de
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mamiferos e consiste em cadeias de monémeros de galactose®*. Uma das fontes
alimentares de GOS mais pesquisadas é o leite materno e este estimula o
crescimento de bactérias benéficas, especialmente Bifidobacterium®®. J4 o FOS
€ composto por uma molécula de glicose seguida por duas ou mais moléculas
de frutose ligadas por ligagbes B-2,1 ou B-2,6 e é uma fibra ndo € digerida no
intestino delgado, mas metabolizada pela microbiota no ceco, produzindo AGCC,
L-lactato e outras moléculas bioativas benéficas a satude®®.

Outro carboidrato ndo digerivel conhecido é a polidextrose, um polimero
de glicose altamente ramificado, que possui em sua estrutura unidades
aleatédrias de glicose. Todas as combinacdes possiveis de ligacdes a e 3 podem
ocorrer em sua molécula. Por ter uma estrutura complexa, esse carboidrato nédo
€ hidrolisado pelas enzimas digestivas dos mamiferos no intestino delgado,
chegando intacto ao célon, onde é fermentado pela microbiota intestinal®’.
Assim, estudos apontam a polidextrose como um possivel prebiotico, visto que
0 Seu consumo ocasiona beneficios para o hospedeiro®85°.

Gibson et al. (2004)?! descreveram que qualquer componente alimentar
que atinge o célon intacto apresenta um potencial prebiético, porém, séo
necessarios estudos mais aprofundados para a comprovacdo deste
potencial. Sousa et al.?® investigaram o potencial prebiético da farinha de
tubérculo de yacon a partir da determinacdo de numeros de células viaveis e
atividade metabdlica em quatro espécies probiéticas (Enterococcus faecium
Bifidobacterium animalis, Lactobacillus acidophilus e Lactobacillus casei) e
observaram que o alimento revelou uma potencial atividade prebidtica no
crescimento das culturas testadas, provavelmente devido ao seu elevado
contetido de FOS. Por meio de metodologia semelhante, Sdnchez-Zapata et al.®*
confirmaram a propriedade dos coprodutos liquidos do extrato de noz de tigre
como fonte de carbono para o crescimento de bactérias probidticas.

A polpa branca e vermelha da Pitaya, com altas concentracdes de glicose,
frutose e alguns oligossacarideos (concentracdes totais de 86,2 e 89,6 g / kg,
respectivamente) tiveram seu potencial prebidtico determinados a partir de
simulag&o gastrointestinal in vitro. A polpa apresentou resisténcia a hidrolise pelo
suco gastrico artificial e pela a-amilase humana, além de estimular o crescimento
de Lactobacillus delbrueckii BCC 13296 e Bifidobacterium bifidum NCIMB
702715%2. Residuos de frutos como macauba, jerivA e pedinculo de caju
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também ja tiveram seu potencial prebiético comprovado frente a diferentes cepas
probidticas!® s,

Diante do contexto verificou-se que a literatura abrange uma diversidade
de alimentos e seus subprodutos que ja tiveram seu potencial prebiotico testados
e comprovados por metodologias in vitro, porém ressalta-se que ainda nao foram
encontrados dados sobre o possivel potencial prebiético de frutos nativos do

Cerrado, assim como de suas por¢des ndo comestiveis (casca e semente).

2.4 MICRO-ORGANISMOS PROBIOTICOS

O conceito de probidticos foi discutido e modificado por muitos anos, mas
em 2001 a FAO e a Organiza¢do Mundial da Saude (OMS) definiram probidticos
como “micro-organismos vivos que, quando administrados em quantidades
adequadas conferem um beneficio a salude do hospedeiro”™*. Diversos
probidticos tém sido estudados em humanos e animais®®. Dentre estes,
encontram-se  bactérias pertencentes aos géneros Lactobacillus e
Bifidobacterium, e em menor escala, Enterococcus, a levedura Saccharomyces
cerevisiae, bem como alguns Bacillus spp. A influéncia das bactérias sobre a
microbiota intestinal humana envolve fatores como a competicdo exclusiva com
patégenos e micro-organismos indesejaveis, efeitos antagbnicos e imunolégicos,
resultando no aumento da resisténcia corporal do individuo®°®’. Existe a
possibilidade, portanto, que o aumento da populacédo de bactérias benéficas no
intestino grosso pode, juntamente com outros fatores, como o estado
imunolégico, oferecer maior protecdo ao hospedeiro??.

As espécies probidticas pertencentes aos géneros Lactobacillus e
Bifidobacterium produzem acidos latico e acético como principais produtos finais
do metabolismo de carboidratos. Esses acidos organicos podem diminuir o pH

intestinal e impedir o crescimento de bactérias patogénicas®®°,

2.4.1 Lactobacillus

O género Lactobacillus é composto por mais de 170 espécies e 17
subespécies que sdo analisadas em diversos estudos a partir de inUmeras
metodologias. S&o encontrados em uma variedade de alimentos, desde frutas e

vegetais a produtos fermentados’®"2. Nos seres humanos, os Lactobacillus se
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encontram no trato gastrointestinal, na cavidade oral e na microbiota vaginal,
mas também podem ser patdgenos oportunistas ocasionais. Sao bactérias
caracterizadas como bacilos, Gram-positivas, de forma regular e néo
esporuladas, anaerdbias facultativas e fermentativas. No trato gastrointestinal
humano, hd uma variedade de espécies, sendo predominante Lactobacillus
casei, encontrada e isolada no intestino’2.

L. casei é considerada uma espécie facultativamente heterofermentativa
por fermentar hexoses em 4cido-latico e produzir gas a partir de gliconato. Essa
espécie também fermenta pentoses e produz Aacidos latico e acético’ 4. A
espécie faz parte do “grupo Lactobacillus casei”, composto principalmente pelas
espécies Lactobacillus casei, Lactobacillus paracasei e Lactobacillus
rhamnosus’. Estas estdo entre as espécies mais estudadas devido ao seu
potencial comercial, industrial e de aplicacdo a saude. Sao usadas
comercialmente para fermentar produtos de laticinios, conferindo melhor sabor
e textura aos alimentos produzidos. Também produzem muitos metabdlitos
bioativos que podem promover beneficios ao hospedeiro, sendo assim muitas
culturas do “grupo Lactobacillus casei” podem ser consideradas probidticas’®. A
espécie L. paracasei foi caracterizada e isolada de fezes de recém-nascidos
nativos de Taiwan. Essa cultura mostrou boa sobrevivéncia em pH baixo,
tolerancia a altas concentragfes biliares e capacidade de reduzir o colesterol
sérico in vitro’’. Ainda neste grupo de bactérias, a espécie L. rhamnosus foi
originalmente isolada de amostras fecais de um adulto humano saudavel. Uma
das principais caracteristicas € sua forte capacidade adesiva, que foi
documentada in vitro e in vivo. Em estudos de intervengdo em humanos, também
foi relatado que esta espécie persiste no intestino por mais tempo e em
concentracbes mais elevadas em comparacdo com outras espécies de
Lactobacillus’8-80.

A espécie L. acidophilus, do grupo de espécies homofermentativas
estritas, que ndo fermentam pentoses, é considerada Gram-positiva e cresce em
temperaturas de 37 a 42 °C8. A espécie atinge suas maiores taxas de
crescimento em meios levemente acidos (pH 5,5 a 6,0) e o crescimento cessa
abaixo de pH 4,0%. Produz acido latico a partir da fermentacédo de carboidratos
e esta entre os Lactobacillus menos tolerantes ao oxigénio®84, Além disso, L.

acidophilus é capaz de utilizar uma variedade de fontes de carbono para o seu
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crescimento, tem caracteristicas probidticas, é usada comercialmente em muitos
produtos lacteos e encontrada naturalmente no trato gastrointestinal
humano?®>8°,

Muito do conhecimento sobre o mecanismo de agdo dos probibticos é
baseado em pesquisas por meio de culturas probiéticas em modelos in vitro®’.
Nesse sentido, considerando as caracteristicas ja documentadas de culturas de
bactérias, como Lactobacillus, é possivel considera-las eficazes para
metodologias de avaliacdo do potencial prebidtico de componentes alimentares

in vitro.

2.4.2 Bifidobacterium animalis subsp. lactis

Bifidobacterium € um género de bactérias probiodticas anaerdbicas, Gram-
positivas e produtoras de acido latico. As Bifidobacterium foram descobertas e
isoladas em 1899, nas fezes de criancas em aleitamento materno®. Sao
relevantes nos estudos sobre microbiota intestinal humana, por serem capazes
de inibir bactérias patogénicas e consequentemente melhorar a funcdo da
barreira gastrointestinal do hospedeiro®®. Estudos recentes demonstraram que
algumas espécies de Bifidobacterium tem o potencial de controlar vérias
doencas intestinais como cancer e alergias, além de aumentar a proporcao de
bactérias benéficas da microbiota®-°2,

Dentre as diversas espécies de Bifidobacterium ja isoladas, a
Bifidobacterium animalis subsp. lactis BB 12® (BB-12®) é a mais documentada
na literatura cientifica. A espécie foi inicialmente isolada de uma cultura de
laticinios da Chr. Hansen e especialmente selecionada para a producdo de
laticinios probidticos, tornando assim, marca registrada da Chr. Hansen A/S. A
partir de entdo, BB-12® tem sido utilizada em férmulas infantis, suplementos
alimentares e produtos lacteos fermentados em todo o mundo. E uma cultura
com boa atividade de fermentacéo, estabilidade e tolerancia a acidos biliares.
Destaca-se por sobreviver e ndo alterar sabor e aparéncia dos alimentos em que
€ adicionada, sendo, portanto, tecnologicamente adequada para o0
desenvolvimento de produtos alimenticios probi6ticos®3:94,

BB-12® tem demonstrado seu efeito benéfico a salde, tanto
gastrointestinal quanto na fun¢éo imunoldgica, em estudos com seres humanos.

Podem interagir com o sistema imunologico de varias maneiras, por exemplo,
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aumentando a producdo sistémica de anticorpos, a atividade das células imunes
e modulando sinais nas células epiteliais®.

Em estudo controlado por placebo, avaliou-se o efeito de um iogurte
simbiético contendo BB-12® e inulina. As amostras fecais foram coletadas de 46
voluntarios e as alteracbes na microbiota foram monitoradas usando a reacao
em cadeia da polimerase em tempo real (PCR). BB-12® foi recuperada nas
amostras fecais e pode ser detectada nas fezes até duas semanas apos a
ingest&o®®. Diante disso, essa cultura probiética pode ser uma boa aliada para a
avaliacdo de efeitos prebidticos de componentes in vitro.

2.5 COMPOSTOS FENOLICOS E A MICROBIOTA INTESTINAL

O metabolismo nas células das plantas, frutos e vegetais envolve um
conjunto de reacBes quimicas que suprem as necessidades do organismo
vegetal. Essas reacdes visam o0 aproveitamento de nutrientes a fim de satisfazer
as exigéncias essenciais para a sobrevivéncia das células®’. Esse metabolismo
é dividido em primério e secundario. O metabolismo primario é responsével pela
sintese de celulose, lignina, proteinas, lipideos e acuUcares, enquanto o
secundario produz os metabdlitos que apresentam atividades biolégicas como
protecdo contra a perda excessiva de agua e irradiacdo UV, defesa contra
predadores e micro-organismos e atracdo de insetos e aves para reproducéo®.

Os metabdlitos secundarios sdo divididos em trés grandes grupos:
compostos fendlicos, compostos terpénicos e alcalbides. A literatura concentra
uma grande variedade de estudos sobre os compostos fendlicos, chamados
também de polifendis. Inicialmente, o interesse pelos polifendis estava
relacionado aos seus efeitos "antinutricionais” resultantes da capacidade desses
compostos se ligarem a proteinas e minerais, diminuindo a digestibilidade e
absorcao dos nutrientes, porém os estudos se dedicam em demonstrar o efeito
benéfico destes compostos na saude humana®®.

Uma das propriedades atribuidas aos polifendis é a sua elevada
capacidade antioxidante. Exercem esse papel ndo apenas pela sua habilidade
em doar hidrogénio ou elétrons, mas também pela presenca de radicais
intermediarios estaveis, que impedem a oxidacdo de varios elementos do

alimento, particularmente os acidos graxos!®. Ainda, evidéncias de estudos
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clinicos sugerem que os polifendis podem apresentar propriedades
prebidticas!®t 192, Grande parte dos polifendis presentes na alimentacdo ndo sdo
absorvidos no intestino delgado e, portanto, chegam ao célon, onde passam por
uma extensa metabolizacdo mediada pela microbiotal®s.

Os polifendis apresentam estrutura quimica complexa (Figura 3),
possuem um ou mais anéis aromaticos hidroxilados, ou seja, ligados a um ou
mais grupos hidroxila e geralmente estdo presentes na forma glicosilada, ligada
a uma estrutura polifendlica principal. Até hoje, mais de 10000 compostos
diferentes ja foram identificados e divididos em diversos grupos'°41%, Com base
na estrutura quimica e sua complexidade relacionada ao numero de anéis
aromaticos e substituintes, os polifendis podem ser classificados em flavonoides

e nao flavonoides1%,

Figura 3. Estrutura quimica do fenol simples (A); Flavonoides encontrados em
frutas: catequina (B) e proantocianidina (C).
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Fonte: Adaptado de Singh et al., (2019); Santhakumara, Battino, Alvarez-Suarezv (2018).

Na dieta humana, os polifenéis mais abundantes sdo os flavonoides,
grupo que apresenta seis subclasses: flavonais, flavonas, isoflavonas, flavan-3-
ols, flavanonas e antocianidinas!®’. Por apresentarem diversas propriedades
funcionais, pesquisadores vem se dedicando a analisar e quantificar o contetudo
destes compostos em alimentos, principalmente frutos. No Brasil, foram
compilados os dados encontrados na literatura, agrupados e adicionados a
Tabela Brasileira de Composi¢céao de Alimentos (TBCA), na qual encontram-se
diversos frutos nativos do bioma Cerrado, como Bacuri (Scheelea phalerata e
Mauritia flexuosa), Cambuci (Campomanesia phaea e Campomanesia phaea) e
Cagaita (Eugenia dysenterica)'®®. O contelido final de fendlicos presentes nas
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frutas e hortalicas pode ser influenciado por diversos fatores, como a maturagéo,
a espécie, as praticas de cultivo, a origem geografica, o estagio de crescimento,
as condicdes de colheita e o processo de armazenagem?.

Os flavondis séo estruturalmente caracterizados pela presenca de uma
insaturacéo entre carbonos, um grupo hidroxila e um grupo cetona'®. Fogaliano
etal., (2011)1%realizaram um modelo colénico humano in vitro com o cacau, rico
em flavonais, no qual foi observado um aumento significativo de Bifidobacterium
e Lactobacillus, e producédo de butirato apés a sua fermentag¢édo, demonstrando
assim beneficios associados a inclusdo de alimentos ricos em flavonois na
dieta.

Ainda no grupo dos flavonoides, as antocianinas sdo compostos com
estrutura contendo uma ou mais unidades de monossacarideos, reconhecidas
por serem responsaveis pela cor vermelha, azul e roxa de frutas e vegetaist!’.
Estudos in vitro e in vivo sugerem um potencial efeito anti-inflamatério desses
compostos associados a microbiota, em razdo da modulagdo intestinal
associada ao aumento das culturas de Bifidobacterium?*2.

As catequinas, taninos condensados e as proantocianidinas sao 0s
compostos mais importantes da subclasse flavan-3-ol, que sdo facilmente
extraidos em agua e suas principais fontes alimentares sdo feijao, ervilha,
tamaras, uvas, nozes e bebidas como vinho e cha'®4. Mélo et al.}!® avaliaram os
efeitos prebidticos in vitro de méis de abelhas da regido semi-arida nordestina
em relacdo aos probidticos Lactobacillus acidophilus e Bifidobacterium animalis
subsp. lactis e observaram simultaneamente as altera¢des fendlicas em caldos
com as amostras testadas. Os resultados encontrados sugeriram que o potencial
prebiético observado nos méis poderia estar relacionado a presenca de
compostos fendlicos, como catequinas, nas vias metabodlicas dos probioticos
avaliados.

Na classe dos nédo flavonoides, os acidos fendlicos sdo os mais comuns
na dieta humana. Apresentam maxima absorcao no intestino delgado e podem
ser produzidos a partir da degradacdo de proantocianidinas!'#*!>, Xantonas,
estilbenos, lignanas e taninos também pertencem a classe dos compostos
fendlicos nao flavondides. Sao compostos com pelo menos dois anéis
aromaticos na estrutura, enquanto apenas 0s taninos apresentam maior nimero

de anéis. Os taninos sdo encontrados em leguminosas como feijao, frutas e
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nozes!18, Os taninos hidrolisaveis séo divididos em duas subclasses: galotaninos
e elagitaninos. Nos galotaninos, o acido galico € o acido fendlico predominante,
engquanto as elagitaninas séo diferentes combinacfes de &cido galico e acido
hexa-hidroxidifénico com glicose. Os estilbenos foram relatados na literatura
como fendlicos ndo flavondides presentes em uvas, améndoas, feijdes, mirtilos,
amendoins, videira, cranberries, amoras, ameixa e vinho. Sua ingestao tem sido
associada a diminuicéo do risco de hipertenséo, diabetes e obesidade*®.

Evidéncias de estudos clinicos sugerem que os polifendis sdo capazes de
expressar propriedades prebidticas e exercer atividades antimicrobianas sobre
0S micro-organismos patogénicos presentes no intestino, por isso é importante
uma dieta rica em alimentos fontes destes compostos!®l. Determinados
compostos fendlicos também participam da modulacdo da microbiota intestinal
com estimulacdo do crescimento de microrganismos probiéticos e aumento da
producdo de AGCC, sendo a catequina um flavonéide que pode ser
metabolizado pela microbiota intestinal, gerando os acidos hidroxifenilacético e
hidroxifenilpropionico!’. As catequinas também aumentaram o crescimento de
Bifidobacterium, Akermancia e Roseburia em camundongos alimentados com
uma dieta rica em gordura apés o consumo de polifendis do cha verde!,
Procianidina B2 é um precursor de antocianina oligomérica amplamente
encontrado em bagas e evidéncias recentes mostram que este composto
fendlico tem efeito prebidtico na microbiota intestinal in vivo'1d,

A interacdo entre os polifendis e a microbiota intestinal € considerada
matua, ou seja, pode contribuir tanto com a saude do hospedeiro a partir do
potencial prebidtico, quanto na atividade biol6gica dos polifendis, pois sabe-se
que a microbiota é capaz de exercer um papel na funcionalidade destes
compostos. Micro-organismos benéficos modulam mutuamente a atividade dos
polifendis, convertendo-os em substancias menores e aumentando sua

biodisponibilidade, tornando-os mais eficazes na satde dos consumidores!®,
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o potencial prebid6tico in vitro dos residuos de pucéa e da gabiroba.

3.2 OBJETIVOS ESPECIFICOS

o Determinar a composicdo centesimal dos residuos de puca e da
gabiroba;

o Analisar o teor de fibras alimentares totais, solUveis e insolluveis e
acucares dos residuos dos frutos;

« ldentificar o perfil de compostos fendlicos totais dos residuos dos frutos;

e Avaliar o crescimento de bactérias probioticas (Lactobacillus acidophilus
LA-05, Lactobacillus casei L-26 e Bifidobacterium animalis subsp. lactis
BB-12) frente a utilizacdo dos residuos dos frutos;

e Determinar e comparar 0s escores de atividade prebiotica dos residuos

dos frutos.
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4 MATERIAL E METODOS

4.1 DELINEAMENTO DO ESTUDO

O presente trabalho € um estudo experimental in vitro e faz parte de um
estudo matriz denominado “Residuos do processamento de frutos do cerrado:
potencial nutricional, prebidtico e preventivo de doengas crbnicas” da
Universidade Federal de Goias (UFG). As andlises de composicao centesimal e
ensaios in vitro foram realizadas no Laboratdrio de Higiene e Controle Sanitario
de Alimentos (LCHSA), Laboratorio de Nutricdo Experimental (LANUTE) e
Laboratério de Nutricdo e Andlise de Alimentos (LANAL), da Faculdade de
Nutricdo (FANUT) da UFG.

4.2 OBTENCAO DAS AMOSTRAS

O critério de escolha dos frutos do Cerrado analisados foi o periodo de
frutificacdo destes, com o intuito de obté-los no estado de maturacdo adequado
para consumo. Foram selecionadas areas em que os frutos colhidos se
encontravam livres da presenca de agrotoxicos.

Os frutos de puca foram colhidos maduros, no pico da colheita, em
novembro de 2019, na area experimental da Escola de Agronomia, da
Universidade Federal de Goias (UFG), em Goiania-GO. Estavam localizados nas
coordenadas geogréficas 16° 35'47" de latitude sul e 49° 16'51" de longitude
oeste a 730 m de altitude e em seguida foram transportados para o Laboratério
de Vegetais e Derivados da Escola de Agronomia localizado no prédio da
Faculdade de Engenharia de Alimentos da UFG. Os frutos de gabiroba foram
obtidos na unidade de processamento de frutos do Cerrado, na cidade de
Piracanjuba, localizada na regiao sul de Goias (17° 17" 47" de latitude sul e 49°
0’ 38" de longitude oeste) durante o periodo da colheita, em dezembro de 2018.
Frutos em estagio de decomposicao foram descartados e os passiveis de serem
utilizados nos experimentos foram lavados em agua corrente e pesados (Elgin®,
Sa-110, Brasil).

O puca e a gabiroba foram despolpados em uma despolpadeira industrial
de 0,25 DF (Bonina®, Itabuna, Brasil), com peneiras de 2,5 mm, a fim de separar
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a polpa do residuo (casca e semente). As amostras dos residuos foram
homogeneizadas, liofilizadas (Liotop®, L108, Brasil) e trituradas em um
liguidificador industrial (Metvisa®, Itabuna, Brasil) até a obtencdo de um pé fino.
Apds o processamento, as amostras foram acondicionadas a vacuo (Selovac®,
Microvac, Brasil) em embalagens transparentes, separadas e armazenadas sob
refrigeracdo até o momento da analise. Assim, foram obtidos os residuos

liofilizados de puca (RP) e os residuos liofilizados de gabiroba (RG) (Figura 4).

Figura 4. a) Fruto de Mouriri elliptica (Mart.); b) Residuos (cascas e sementes)
do pucd apoOs despolpamento; c) Residuo do puca poOs liofilizacdo e
processamento; d) amostras embaladas a vacuo e) residuos de puca e gabiroba
liofilizados e processados, prontos para analise.

Fonte: prépria autora, 2021.

4.3 CARACTERIZACAO FiSICO-QUIMICA DOS RESIDUOS

4.3.1 Composicao centesimal

A composicao centesimal dos RP e RG foi determinada por meio das
analises de umidade, por secagem em estufa, nitrogénio total, segundo o método
de micro-kjeldahl e conversédo em proteina bruta, e cinzas. O teor de carboidratos

totais foi estimado por diferenca. A composicao centesimal permitiu estimar o
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valor energético das amostras, considerando-se os fatores de conversdo de
Atwater, de 4, 4 e 9kcal.g?! para proteinas, carboidratos e lipidios,

respectivamente?!.

4.3.2 Teor de fibras
Os teores de fibra alimentar total, insolivel e solivel dos residuos
liofilizados dos frutos foram determinados por meio do método enzimatico-

gravimétrico!?*,

4.3.3 Perfil de fendlicos e acucares

Extratos aquosos de RP e RG foram preparados para determinar o
contelido de acUcares (maltose, glicose, ramnose e frutose) e acidos organicos
(citrico, tartarico, mélico, succinico, lactico, formico, acético e propidnico). Para
a extracdo, 0,5 g de amostras foram diluidas em 10 mL de agua ultrapura (Merck
Milipore® Direct Q3, Sdo Paulo, Brasil) a 50 °C e homogeneizadas em
homogeneizador de amostras digital por 5 min. A mistura foi centrifugada (3000
X g 5 min, 24 °C) e o sobrenadante foi filtrado em membrana hidrofilica de
poliamida com porosidade de 0,45 pm.

Extratos de metanol de RP e RG foram preparados para a determinacao
dos compostos fendlicos. 1 g das amostras foi adicionado em 5 mL de metanol
70% e homogeneizadas em ultrassom por 60 min. Em seguida as amostras
foram centrifugadas (3000 x g 5 min, 24 °C) e o sobrenadante foi filtrado
(membrana hidrofilica de poliamida com porosidade de 0,45 um).

Em seguida, a determinacdo dos acucares, acidos organicos e do perfil
de fendlicos foi realizada por cromatografia liquida de alta eficiéncia (HPLC),
segundo Albuquerque et al.'?> usando um cromatégrafo Agilent (modelo 1260
Infinity LC, Agilent Technologies, St. Clara, CA, EUA) equipado com um bomba
de solvente quaternario (modelo G1311C), desgaseificador, compartimento de
coluna termostatica (modelo G1316A) e amostrador automatico (modelo
G1329B), acoplado a um detector de matriz de diodos (DAD) (modelo G1315D)
e detector de indice de refragdo (RID) (Modelo G1362A). Os compostos foram
separados por meio de uma coluna Agilent Hi Plex H (7,7 x 300 mm, 8 ), fase

movel H2SO4 4 mM /| em agua ultrapura e taxa de fluxo 0,7 ml / min. Os dados
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foram processados usando o software OpenLAB CDS ChemStation Edition ™
(Agillent Technologies).

Os tempos de retencdo e os picos dos cromatogramas das amostras
foram identificados e comparados com padrfes dos acucares, acidos organicos
e fendlicos. A injecdo foi realizada em duplicata e a quantificacdo dos teores de
acucares, acidos e perfil de fendlicos foi feita por meio do calculo das areas

meédias dos picos (Figura 5).

Figura 5. Fluxograma das etapas de obtencao e caracterizacdo das amostras
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Fonte: prépria autora, 2021.

4.4 ENSAIOS IN VITRO

4.4.1 Preparo do indculo

Os ensaios in vitro foram realizados com trés isolados probioticos
conhecidos: Lactobacillus acidophilus LA-05, Lactobacillus casei L-26 e
Bifidobacterium animalis subsp. lactis BB-12, provenientes da Coleccao de

Micro-organismos da Faculdade de Biotecnologia da Universidade Catdlica
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Portuguesa (Porto, Portugal). As culturas de estoque foram mantidas em caldo
Mann, Rogosa and Sharpe (MRS) (Kasvi, Espanha) com glicerol (Neon, Brasil)
a -80 °C. Antes dos ensaios, culturas de L. acidophilus e L. casei foram crescidas
por trés dias consecutivos em caldo MRS a 37 °C durante 24 h em condi¢des
aerébias. Para B. animalis, o caldo MRS foi suplementado com 0,5 g.L? |-
cisteina-HCI (Exodo, S&o Paulo, Brasil) em condi¢cbes anaerdbias sob a mesma
temperatura e tempo usados para Lactobacillus. A atmosfera anaerobia foi
gerada a partir de uma mistura composta por carbonato de calcio, HCI e 4gua,
em jarra anaerébia (Permution®, Brasil).

Culturas de Escherichia coli foram usadas para contagem de células
viaveis a fim de determinar o escore de atividade prebiética, descrita no item
4.4.5. E. coli ATCC 25922 e E. coli ATCC 8739, fornecidas pelo Laboratério de
Higiene e Controle Sanitario de Alimentos da Faculdade de Nutricdo da
Universidade Federal de Goids e Laboratorio de Biotecnologia e Micro-
organismos (LBMic) da Faculdade de Farméacia da Universidade Federal de
Goias (Goiania, Brasil), foram mantidas em Brain Heart Infusion (BHI) (Kasvi,
Espanha) a 37 °C por 18-20 h em condi¢fes aerdbias. As diferentes culturas de
E. coli foram utilizadas em conjunto como uma mistura entérica em proporgao de
1: 1. A densidade o6ptica (DO) de cada micro-organismo foi padronizada em
espectrofotometro (Jasco, EUA) a 655 nm de absorbancia, aproximadamente
0,8 para as bactérias probidticas e 0,1 para as entéricas.

4.4.2 Meio de cultivo bacteriano

O processo de fermentacéo foi realizado de acordo com a metodologia de
Albuquerque et al.’??, com adaptagdes. Para as andlises experimentais, o caldo
MRS com fonte de carbono modificada foi preparado e utilizado como meio basal
para avaliar o crescimento bacteriano dos probioticos e a atividade metabdlica
em cada amostra. O meio preparado continha: triptona (Kasvi, Espanha) 10 g.L
1, extrato de carne (Kasvi, Espanha) 8 g.L%, extrato de levedura (Kasvi, Espanha)
4 g.L %, hidrogenofosfato de di-potassio (Néon , Brasil) 2 g.L?, tween 80 (Neon,
Brasil) 1 g.L, acetato de sédio (Neon, Brasil) 5 g.L, citrato de amonio tribasico
(Sigma-Aldrich) 2 g.L%, sulfato de magnésio (Neon, Brasil) 0,2 g.L?, sulfato de
manganés (Neon, Brasil) 0,04 g.L* e sua respectiva fonte de carbono (RP ou
RG) 20 g.L ™.
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Para monitorar o crescimento das bactérias probiéticas, trés meios de
cultura também foram preparados com glicose (Neon, Brasil), como controle n&o
prebiotico, frutooligossacarideos (Oratfti, Bélgica) (FOS) como controle prebidtico
positivo?®, e sem adicdo de fonte de carbono como controle negativo. A
concentracdo de cada fonte de carbono foi de 20 g.L, conforme o caldo
comercial padrdo MRS. Antes da inoculacdo dos micro-organismos no meio,
cada meio com sua respectiva fonte de carbono foi colocado em banho
ultrassonico (Unique, Indaiatuba, Brasil) por 60 min para auxiliar na dissolucéo
completa das particulas.

Apos preparo dos caldos, distribuicdo em tubos de 10 mL e esterilizacdo
em tubos (10 mL), os micro-organismos probiéticos foram inoculados (200 uL)
separadamente em cada caldo de -cultivo especifico. Os tubos foram
homogeneizados e incubados a 37 °C por 24 h em condi¢des aerobias, para L.

acidophilus e L. casei e anaerdbicas para B. animalis.

4.4.3 Contagem de células viaveis probitticas

Para a contagem de células viaveis, o 4gar MRS foi preparado de forma
semelhante ao caldo, mas adicionado com agar bacterioldgico (Kasvi, Espanha)
e suplementado com 0,5 g.L™? I-cisteina-HCI para o crescimento de B. animalis.
Os tubos com 10 mL de cada meio e 200 pL de cada in6culo foram
homogeneizados em vértex por 10 s e 100 uL de cada tubo foram diluidos em
série em solucédo salina estéril (8,5 g.L!). Posteriormente, aliquotas de 20 uL de
cada diluicdo foram semeadas em agar MRS pela técnica de microgota em cada
intervalo de tempo (tempo zero, imediatamente apds a inoculacdo e
homogeneizacdo, apos 12, 18, 24 e 48 h de incubacdo). As placas foram

incubadas a 37 ° C por 48 h e as células viaveis foram contadas (log UFC.mL™1).

4.4.4 Avaliagéo da atividade metabolica bacteriana

Foram realizados pré-testes onde observou-se que 0s substratos
analisados néo apresentaram atividade antimicrobiana. Posteriormente, para
avaliar a atividade metabdlica bacteriana, foram analisados os valores de pH em
meios de cultivo sob diferentes tempos de incubacgao (0, 12, 18, 24 e 48 h). Os
valores de pH foram medidos com um medidor de pH digital (Adwa®, AD1000,
Hungria).
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4.4.5 Determinacédo do escore de atividade prebidtica

O escore de atividade prebidtica (EAP) reflete quantitativamente a
habilidade dos substratos em promover o crescimento de micro-organismos
especificos na presenca de competidores da microbiota, como E. coli, e em
relacdo ao crescimento em substratos néo prebidticos, como a glicose. Os
escores foram calculados para cada micro-organismo probidtico em cada
substrato testado. Nos ensaios de EAP o caldo M9 (Sigma-Aldrich) foi utilizado
como meio basal com RP, RG, glicose e FOS (20 g.L?). Antes da inoculacéo da
mistura entérica, cada meio com sua respectiva fonte de carbono foi colocado
em banho ultrassénico (Unique, Indaiatuba, Brasil) por 60 min. 100 uL da mistura
entérica foram adicionados em 10 mL de cada tubo e homogeneizados. 100 pL
da mistura foram diluidos em série em solugdo salina estéril (8,5 g.L™).
Posteriormente, aliquotas de 20 ul de cada diluicdo foram semeadas em agar
Eosin Methylene Blue (EMB) (Kasvi, Espanha) pela técnica de microgota no
tempo inicial (0 h) e apds 48 h. As placas foram incubadas a 37 °C por 48 h. As
células viaveis da mistura entérica foram contadas (log UFC.mL™?) e utilizadas
como denominador da formula, enquanto as células viaveis probioticas contadas
no meio contendo glicose com Lactobacillus e Bifidobacterium, em 0 e 48 h
(descrito na sec¢édo 4.3.3) foram utilizadas no numerador da férmula, previamente

descrito por Huebner et al.?3:

Figura 6. Equacéo para determinacdo do escore de atividade prebibtica dos
residuos de puca e gabiroba.

PROemPRE __ PROemPRE MEem PRE _ MEemPRE
(48 h) (0 h) (48 h) (0 h)
EAP= —
PROem GLI — PRO em GLI ME ethLI — ME(((e)nlll)GLI
(48 h) (0 h) (48 h) _
S AN

EAP: Escore de atividade prebiética; PRO em PRE: contagem de células (log UFC.mL1) do
micro-organismo probidtico (L. acidophilus ou L. casei ou B. animalis) em meio de cultivo
contendo residuo de pucgé ou de gabiroba ou FOS; PRO em GLI: contagem de células (log
UFC.mL) do micro-organismo probiético (L. acidophilus ou L. casei ou B. animalis) em meio de
cultivo contendo glicose; ME em PRE: contagem de células (log UFC.mL"1) da mistura entérica
(E. coli ATCC 25922 e E. coli ATCC 8739) em meio de cultivo contendo residuo de puga ou de
gabiroba ou FOS; ME em GLI: contagem de células (log UFC.mL) da mistura entérica (E. coli
ATCC 25922 e E. coli ATCC 8739) em meio de cultivo contendo glicose.
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4.5 ANALISE ESTATISTICA

Os parametros fisico-quimicos foram avaliados em triplicata para RP e
RG e os resultados foram expressos como média = desvio padrdo. Os ensaios
in vitro foram realizados em duplicata, em trés experimentos diferentes. Os
dados foram submetidos a analise de variancia (ANOVA) seguida do teste de
Tukey, e as diferengas foram consideradas significativas quando p < 0,05. O
software utilizado para as andlises foi o RStudio versdo 2.15 (R Core Team,

Viena, Austria).
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Abstract

The aim of this study was to investigate the prebiotic potential of residues from puca (PR)
and gabiroba (GR). The residues characterization was carried out through proximate
analysis, fiber content, sugars, organic acids and phenolic compounds contents. The
fermentative capacity of Lactobacillus acidophilus LA-05, Lactobacillus casei L-26 and
Bifidobacterium animalis subsp. lactis BB-12 and the prebiotic activity scores (PAS) in

the presence of two strains of Escherichia coli were evaluated. PR and GR presented high
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levels of dietary fiber (55.70% and 65.29%), lipids (18.48% and 13.05%), and PR showed
considerable carbohydrate content (12.90%). Substantial content of phenolic compounds
were found in PR and GR: catechin (44.71 mg.L? + 1.49 in GR) and procyanidin B2
(12.97 mg.L* +£0.33 in PR and 13.88 mg.L™* + 0.72 in GR). Cultivation of the probiotics
in media with PR and GR (20 g.L!) was promising, with high counts (9.27-13.23 log
CFU.mL?), decrease in pH values, positive PAS for all strains, similar to
fructooligosaccharides (20 g.L™), increased production of short-chain fatty acids (i.e.,
lactic, acetic, and propionic) and consumption of glucose and fructose over time,
indicating intense metabolic activities. The phenolic compounds of the both residues may
be involved on the mechanism of the prebiotic activity observed. Therefore, the residues
from pucé and gabiroba are potential prebiotic ingredients for use in formulation of foods,
increasing the nutritional value and reducing the negative impacts on the environment

that can caused by their discard.

Keywords: Cerrado fruits; prebiotic potential; Lactobacillus; Bifidobacterium; phenolic

compounds.

1. Introduction

Cerrado is one of the most biodiverse tropical Savannahs in the world (Baildo et
al., 2015). This Savannah produces a diversity of fruit species with peculiar shapes,
colors, aromas, and flavors, and the edible part of these fruits has been investigated
because of its nutritional quality and content of bioactive compounds beneficial to human
health (Clerici & Carvalho-Silva, 2011; Oliveira et al., 2012; Souza et al., 2012).

Mouriri elliptica Mart. is a fruit of the Melastomataceae family that can be found

in several Brazilian states, mainly in Goias (Silveira, 2008). The fruit, known as pucé, has
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a greenish-yellow color, round shape and a sweet orange pulp that contains vitamin C,
carotenoids, anthocyanins, and flavanols, which determines its high antioxidant potential
and justifies its inclusion in human consumption (Rufino et al., 2009; Rufino et al., 2010).
In addition to the nutritional quality, from a technological point of view, puca has
favorable characteristics for its applicability in the pulp and juice industry (Rufino et al.,
2009).

Besides pucéd, Campomanesia adamantium (Cambess.) O. Berg is another native
fruit from Cerrado from the Myrtaceae family and it is called gabiroba. The fruits are
small, has greenish-yellow color and round shape, with a whitish pulp involving several
seeds. Important nutrients such as fiber, iron, potassium, and calcium, and high levels of
antioxidants are present in the fruit (Alves et al., 2013). The edible part of gabiroba has a
sweet flavor and considerably high yield, being an important factor to intensify its use for
jams, jellies, ice cream, popsicles, juices, and liqueurs producing, with good sensory
acceptance (Candido et al., 2009; Morzelle et al., 2015).

Pucé and gabiroba fruits have technological potential for the development of
products on an industrial scale, already being used for the production of popsicles in
Goias. However, fruit processing can generate a significant volume of residues, mainly
composed of peel and seed that are often discarded into the environment without any
commercial use (Babbar et al., 2011). The nutritional characteristics of the pulp of these
fruits are already known, but studies about the peel and seeds are restricted to the
centesimal composition and bioactive compounds (Alves et al., 2013, 2017). These
residues have relevant characteristics for the development of new products with high
nutritional value (Majerska et al., 2019; Oldfield et al., 2016).

Studies have investigated the functional value of fruit residues and their prebiotic

potential, because of the high content of non-digestible carbohydrates, aiming their use
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by the food industry (Andrade et al., 2020; Babbar et al., 2011; Barros et al., 2012; Duarte
et al., 2017; Viscardi et al., 2017). According to (Gibson et al., 2017), prebiotic is a
substrate selectively used by host microorganisms that are capable of promoting health
benefits. These microorganisms are known as probiotics, and in the fermentation process,
they produce metabolites such as short-chain fatty acids (SCFA) that may promote
beneficial effects in health (Al-Sheraji et al., 2013; Gibson et al., 2004).

In this context, the present study aims to evaluate the in vitro prebiotic potential
of puca and gabiroba residues. Therefore, the physicochemical characteristics of the
studied residues were determined, as well as the capacity of cultures of Lactobacillus and
Bifidobacterium, with recognized probiotic potential, to use these residues as a carbon
source. The effects of residues on bacterial metabolic activity, related to pH values

decrease, were also evaluated.

2. Material and methods

2.1 Fruit collection and residues preparation

The fruits were collected in the mature stage for consumption in areas free from
pesticides. Puca fruits were harvested in the experimental area of the School of Agronomy
in Federal University of Goias (16° 35'47" S 49° 16'51" W, Goias, Brazil) and the gabiroba
fruits were obtained in the Cerrado fruit processing unit in Piracanjuba (17° 17" 47" S 49°
0’ 38" W, Goias, Brazil). Selected fruits to be used in the experiments were transported

to the Laboratory, washed in running water, and weighed (Elgin®, Sa-110, Brazil).
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Peel and seeds from puca and gabiroba were separated from the pulp in an
industrial pulping machine 0.25 DF (Bonina®, Itabuna, Brazil), sieved 2.5 mm. The
residues samples (peel and seeds) were homogenized, freeze-dried (Liotop®, L108,
Brazil) and crushed in an industrial blender (Metvisa®, Itabuna, Brazil) until obtaining a
powder that were vacuum-packed (Selovac®, Microvac, Brazil) in transparent packages,
wrapped in aluminum foil, separated, and stored under refrigeration (-18 °C) until the
moment of analysis. Thus, freeze-dried puca residues (PR) and freeze-dried gabiroba

residues (GR) were obtained.

2.2 Characterization of freeze-dried pucé and gabiroba residues

2.2.1 Physicochemical characterization

Physicochemical characteristics of PR and GR were determined with standards
procedures. The samples were evaluated separately for moisture, ash, total nitrogen
according to micro-kjeldahl method, and protein. Total carbohydrate content was
estimated by difference. The centesimal composition allowed estimating the energy value
of the samples, considering the Atwater conversion factors of 4.0, 4.0 and 9.0 kcal.g™* for
proteins, carbohydrates, and lipids, respectively. An enzymatic-gravimetric method was

used to measure the total, soluble and insoluble fiber contents (AOAC, 2010).

2.2.2 Sugars, organic acids and phenolic compounds content

To determine sugar content (maltose, glucose, rhamnose and fructose) and organic
acids (citric, tartaric, malic, succinic, lactic, formic, acetic and propionic), aqueous

extracts of PR and GR were prepared. 0.5 g of the samples were diluted in 10 mL of
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ultrapure water (Merck Milipore® Direct Q3, S&o Paulo, Brasil) at 50 °C in a
microprocessed digital sample homogenizer for 5 min. The mixture was centrifuged
(3000 x g 5 min, 24°C) and the supernatant was filtered (hydrophilic polyamide
membrane with porosity of 0.45 um). To determine the phenolic compounds, methanol
extracts of PR and GR were also prepared. 1 g of the samples were added in 5 mL of
methanol 70% and homogenized in ultrasound bath (USC-2800 A, Unique, Indaiatuba,
Brazil) for 60 min. Then the samples were centrifuged (3000 x g 5 min, 24 °C) and the
supernatant was filtered (hydrophilic polyamide membrane with a porosity of 0.45 um).

Subsequently, the extracts were analyzed in high-performance liquid
chromatography (HPLC), according to Lima et al. (2019). An Agilent chromatograph
model 1260 Infinity LC, Agilent Technologies, St. Clara, CA, USA was used with a
quaternary solvent pump (G1311C model), degasser, thermostatic column compartment
(G1316A model) and automatic auto sampler (G1329B model), coupled with a diode
array detector (DAD) (G1315D model) and refractive index detector (RID) (G1362A
model). The other analytic conditions were as follows: an Agilent Hi-Plex H column (7.7
x 300 mm, 8 p); mobile phase H2SO4 (4 mM/I) in ultrapure water; and flow rate 0.7
ml/min. The data were processed using the OpenLAB CDS ChemStation Edition™
software (Agillent Technologies). The HPLC sample peaks were measured by comparing
their retention times with the previously mentioned standards of sugars, organic acids and
phenolic compounds (Sigma-Aldrich). Duplicate injections were done and average peak

areas were used for quantification using the standards (Lima et al., 2019).

2.3 In vitro determination of prebiotic potential

2.3.1 Microorganisms and growth conditions
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The in vitro assays were performed with three isolates with well-known
probiotic properties (Fijan, 2014): Lactobacillus acidophilus LA-05, Lactobacillus casei
L-26, and Bifidobacterium animalis subsp. lactis BB-12, supplied by the Microorganisms
Collection of the Faculty of Biotechnology at the Catholic University of Portugal (Porto,
Portugal). Stock cultures were maintained in Mann, Rogosa and Sharpe (MRS) broth
(Kasvi, Spain) with glycerol (Neon, Brazil) at -80 °C. Before the assays, L. acidophilus
and L. casei cultures were reactivated three times in MRS broth at 37 °C during 24 h under
aerobic conditions. To reactivate B. animalis, MRS broth was supplemented with 0.5 g.L"
! |-cysteine-HCI (Exodo, S&o Paulo, Brazil) under anaerobic conditions at the same
temperature and time for Lactobacillus. The anaerobic atmosphere was generated from a
mixture composed of calcium carbonate, HCI and water, in an anaerobic jar (Permution®,
Brazil).

Cultures of Escherichia coli were used to determine the prebiotic activity score
(described in section 2.3.5). E. coli ATCC 25922 and E. coli ATCC 8739, supplied by
Food Hygienic and Sanitary Control Laboratory of the School of Nutrition at the Federal
University of Goias and Laboratory of Biotechnology and Microorganisms (LBMic) of
the Faculty of Pharmacy at the Federal University of Goias (Goiania, Brazil), were
maintained in Brain Heart Infusion (BHI) (Kasvi, Spain) at 37 °C for 18-20 h under
aerobic conditions. The different cultures of E. coli were used together as an enteric
mixture with a ratio of 1:1 (T. M. R. Albuquerque et al., 2020). The optical density (OD)
of each microorganism was standardized in a spectrophotometer (Jasco, USA) at 655 nm
of absorbance, being approximately 0.8 for the probiotic bacteria and 0.1 for the enteric

bacteria.

2.3.2 Bacterial cultivation media
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The fermentation process was performed according to the methodology adapted
from (Albuquerque et al., 2020). For the experimental analyses, MRS broth with modified
carbon source was prepared and used as a basal medium to evaluate the probiotic bacterial
growth and metabolic activity in each sample. The composition of the prepared media
was: tryptone (Kasvi, Spain) 10 g.L, meat extract (Kasvi, Spain) 8 g.L™, yeast extract
(Kasvi, Spain) 4 g.L™, di-potassium hydrogen phosphate (Neon, Brazil) 2 g.L™, tween 80
(Neon, Brazil) 1 g.L %, sodium acetate (Neon, Brazil) 5 g.L™, tribasic ammonium citrate
(Sigma-Aldrich) 2 g.L, magnesium sulfate (Neon, Brazil) 0.2 g.L™, manganese sulfate
(Neon, Brasil) 0.04 g.L™ and their respective carbon source (PR or GR) 20 g.L ™.

For monitoring the growth of the probiotic strains, three medias were also
prepared with glucose (Neon, Brazil) (GLU), as a non-prebiotic control,
fructooligosaccharides (Orafti, Bélgica) (FOS) as a positive prebiotic control (Gibson et
al.,, 2017), and without carbon source added (WCS) as a negative control. The
concentration of each carbon source was 20 g.L 2, as the standard commercial MRS broth.
Before inoculating the microorganisms into the media, each media with their respective
carbon source were placed in an ultrasonic bath (Unique, Indaiatuba, Brazil) for 60 min
in order to dissolve the particles completely.

After medias preparation and sterilization in tubes (10 mL), the probiotic
microorganisms were inoculated (200 uL) separately in each specific cultivation broth.
The tubes were homogenized and incubated at 37 °C for 24 h in aerobic conditions, for L.

acidophilus and L. casei and in anaerobic conditions for B. animalis.

2.3.3 Measurement of probiotic viable cell counts
For the enumeration of viable cell counts, MRS agar was prepared similarly to the

broth, but added with bacteriological agar (Kasvi, Spain) and supplemented with 0.5 g.L"
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! |-cysteine-HCI for B. animalis plates. The tubes with 10 mL of each media and 200 pL
of each inoculum were homogenized in vortex for 10 s and 100 pyL of each tube were
serially diluted in sterile saline solution (8.5 g.L™). Subsequently, 20 pL aliquots of each
dilution were plated on MRS agar by the drop plate technique (Herigstad et al., 2001) in
each interval time: zero (immediately after inoculation and homogenization), after 12, 18,
24, and 48 h of incubation. The plates were incubated at 37 °C for 48 h and the viable

cells were counted (log CFU.mL™1) (Mousavi & Mousavi, 2019).

2.3.4 Evaluation of bacterial metabolic activity

To evaluate the bacterial metabolic activity, the pH values in cultivation media at
different incubation time (0, 12, 18, 24 and 48 h) were analyzed. The pH values were
measured using a digital pH meter (Adwa®, AD1000, Hungary). Sugar consumption and
organic acid production were also evaluated at all incubation time, using HPLC as

described in section 2.2.2.

2.3.5 Measurement of prebiotic activity scores

The prebiotic activity score (PAS) reflects quantitatively the ability of substrates
to promote the growth of specific microorganisms in the presence of microbiota
competitors, such as E. coli, and comparing to the growth in non-prebiotic substrates,
such as GLU. For PAS assays, M9 broth (Sigma-Aldrich) was used as a basal medium
with PR, GR, GLU and FOS (20 g.L™). Before inoculating the enteric mixture, each
media with their respective carbon source were placed in an ultrasonic bath (Unique,
Indaiatuba, Brazil) for 60 min. 100 pL of the enteric mixture were added in 10 mL of
each tube and homogenized. 100 pL of the mixture were serially diluted in sterile saline

solution (8.5 g.L™). Subsequently, 20 plL aliquots of each dilution were plated on Eosin
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Methylene Blue (EMB) (Kasvi, Spain) agar by the drop plate technique in initial time (0
h) and after 48 h. The plates were incubated at 37 °C for 48 h. The viable cells were
counted (log CFU.mL!) and used as the denominator of PAS formula, while the probiotic
viable cells counted in media with GLU with Lactobacillus and Bifidobacterium, at 0 and
after 48h (described in section 2.3.3) were used in the numerator of the formula,

previously described by (Huebner et al., 2007):

PAS

_ (probioticlog CFU. mL™! on prebioticat 48 h — probioticlog CFU.mL™! on prebioticat 0 h
B probiotic log CFU. mL~! on glucose at 48 h — probioticlog CFU. mL=1 on glucose at 0 h

enteric log CFU. mL™?! on prebiotic at 48 h — enteric log CFU. mL™? on prebiotic at 0 h
enteric log CFU. mL~1 on glucose at 48 h — entericlog CFU.mL~! on glucose at 0 h

2.4 Statistical analysis

Physicochemical parameters were performed in triplicate for PR and GR and
results were expressed as average + standard derivation. In in vitro assays, for each one
of the isolates, the evaluations were carried out in biological duplicates in three different
experiments. The data were submitted to analysis of variance (ANOVA), followed by the
Tukey test. Differences were considered statistically significant when p < 0.05.
Deviations from normality of the residuals were evaluated using the Shapiro-Wilk's test.
In general, for all variations, a good adjustment to normality was observed. The software
used for the analysis was R Core Team (2021): R Foundation for Statistical Computing,

Vienna, Austria.

3. Results and discussion
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Freeze-dried residues of puca and gabiroba showed notable lipid content (18.48%
+ 0.0 and 13.05% =+ 0.53) that can be explained by the presence of seeds in the samples
(Table 1). Fruits seeds from Cerrado have great exploitation potential due to their high
oil content, such as pequi, murici and sweet passionfruit seeds, with 50%, 15% and 29.6%
of lipid, respectively (Araujo et al., 2018). Therefore, puca and gabiroba seeds could also

be used for oil extraction.

TABLE 1

PR showed high content of carbohydrates (12.90% =+ 0.50), such as jeriva
byproduct, a fruit from palm tree, which presented 11.58% of carbohydrates (Andrade et
al., 2020). PR and GR also contain glucose and fructose in their composition that can be
fermentable substrates to improve the growth of probiotic bacteria from microbiota.
Lactobacillus and Bifidobacterium species are capable of converting glucose and fructose
into lactic acid and acetic acid, known as important metabolic features of the fermentation
process (Kaprasob et al., 2017; Sousa et al., 2015). After the consumption of simple
carbohydrates, probiotic microorganisms consume nondigestible carbohydrates, lowering
the pH and reducing the pathogens of the gut (Lamsal, 2012; Slavin, 2013).

The proximate composition of pucé peel and seeds has not been documented until
now. The dietary fiber content in PR was high, especially the insoluble fiber. In 100 g,
55.70 g of insoluble fibers were found, higher than the content observed in the freeze-
dried byproduct of cashew apple (27.72%) (Duarte et al., 2017). Insoluble fibers are
generally poorly fermented by gut microbes, but their presence in the diet increases fecal
volume, reduce intestinal transit time that reaches the intestine, and thus reduces the
amount of time available for colonic bacterial fermentation of non-digested food
(Holscher, 2017; Roberfroid, 2007). Furthermore, fruit residues with greater dietary fiber

content can be use a potential ingredient for food products, such as cookies, cakes and
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cereal bars, minimizing waste and encouraging the sustainable development of Cerrado
Savannah (Albuquerque et al., 2015; Morzelle et al., 2015). GR also presented high
amounts of total fiber (65.29% + 0.64), and a higher content of soluble fiber than PR.
Soluble fibers, such as FOS, are largely metabolized by bacteria more proximally in the
gastrointestinal tract, therefore, it is expected a greater prebiotic potential of GR
(Holscher, 2017).

PR and GR presented important values of phenolic compounds (Table 2). A study
has demonstrated that gabiroba peel and seeds present higher content of phenolic
compounds (1787.65 mg AGE.100g™) than the gabiroba pulp (1222.59 mg AGE.100g})
(Alves et al., 2013). Comparing to traditional consumed fruits and others residues from
exotic fruits, such as jatoba peel and araca-boi seeds, GR stands out in phenolic
compounds content and antioxidant capacity (Contreras-Calderén et al., 2011). The
proximate composition and phenolic compounds content of the residues suggests
technological potential to novel food products production for human consumption with
health benefits.

TABLE 2

Recent studies have shown that certain phenolic compounds also participate in the
modulation of the intestinal microbiota with growth stimulation of probiotic
microorganisms and increase production of SCFA, assuming the role of prebiotics
(Alves-Santos et al., 2020; Toméas-Barberan et al., 2016). Substantial content of catechin
was observed in GR (44.71 mg.L ™ + 1.49), a flavonoid that can be metabolized by gut
microbiota, generating hydroxy phenylacetic and hydroxyphenyl propionic acids (Shortt
et al., 2018). Catechins also increased the growth of Bifidobacterium, Akermancia and
Roseburia in mice fed a high-fat diet after the consumption of green tea polyphenols (Dey

etal., 2019; Maet al., 2019).
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Notable contents of procyanidin B2 were found in both residues (12.97 mg.L™* +
0.33 for PR and 13.88 mg.L! + 0.72 for GR). This polyphenol is an oligomeric
anthocyanin precursor widely found in berries and recent evidence shows a significantly
improve on the proportions of Bacteroidetes and Akkermansia on the gut microbiota of
rabbits supplemented with this compound (Xing et al., 2019). Also, beneficial
microorganisms mutually modulate the activity of polyphenols, converting them into
smaller substances and increasing their bioavailability, making them more effective in the
health of consumers (Guergoletto et al., 2016). Therefore, polyphenols can modulate the
intestinal microbial composition and, consequently, can indirectly influence their own
metabolism and bioavailability (Duda-Chodak et al., 2015). This fact shows that
polyphenols founded in PR and GR and their metabolites contribute to the promotion of
intestinal health.

To evaluate if Cerrado fruits residues could promote the growth of potentially
probiotic bacteria, in vitro assays were performed. Viable cell counts in growth media
during fermentation represent intense metabolic activities (Duarte et al., 2017). The
microbial growth (log CFU.mL™) of the probiotic strains were higher between the times
12, 18 and 24 h for all the media with substrates, except in the media without addition of
carbon source, which did not show any growth for any of the tested bacteria (p > 0.05)
(Figure 1B, 1D and 1F). Therefore, the increased growth verified in media containing
each of the added carbon sources is related to the potential for survival and growth
enhancement of these probiotic bacteria. The experimental conditions were also validated
through experiments with positive controls performed with modified MRS broth
supplemented with GLU and FOS.

When evaluating the growth curves, PR and GR were used as a substrate for all

of the probiotic microorganisms, and better growth was observed for L. casei strain in the
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media with GR. When compared to the growth of L. acidophilus and B. animalis, the
difference between their growths with the same substrate can be attributed to the ability
of specific carbohydrates metabolism resulting from the genomic and metabolic diversity
of Lactobacillus and Bifidobacterium (Martino et al., 2016; Watson et al., 2013).
FIGURE 1

In 12, 24 and 48 h of incubation, the growth of L. acidophilus on media containing
GR was similar to the growth in media with GLU and FOS (p > 0.05). There was no
decrease on the growth of L. acidophilus and B. animalis in the medium containing PR
during the totally incubation time, while in the media with GLU and FOS, a decrease was
observed, suggesting that the culture medium containing PR seems to better support the
growth of these probiotic bacteria during the incubation (Figure 1B and 1F). It is known
that complex carbohydrates are absorbed more slowly than glucose, been used as an
energy source in fermentation to produce beneficial metabolites for human (Koh et al.,
2016). In addition, prolonged of cell viability of probiotic through the time may prolong
the microbial beneficial effects on the host by interactions with the epithelium and
immune cells of the intestine (Jung et al., 2021).

The results of the viable cell count assays showed that the medium containing PR
and GR promoted the growth of the tested probiotic cultures. Therefore, pH determination
assays were performed to confirm the prebiotic effects. As expected, considerable
decreases were observed in the pH values of the media containing GLU, FOS, PR and
GR in all tested strains. Media without carbon source presented minimum low of pH.
Lowest pH values of cultivation media were reached after 18 or 48 h (Figure 1A, 1C and
1E).

After 48 h of fermentation at 37 °C, the positive control samples (GLU and FOS)

had pH decrease up to 3.2 and in the medium containing PR and GR up to 4.7. The lowest
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pH value at the end of the cultivation was found in the medias inoculated with B. animalis,
where GR presented lower pH than PR. Bifidobacterium can use non-digestible
carbohydrates of plant cell walls, indicating the potential prebiotic of these compounds
(Cantu-Jungles et al., 2017). Therefore, the media with GR reached a higher decrease in
pH compared to PR on B. animalis growth, which may be explained by the GR
composition, with fructose (2.27 g.L™* + 0.06) and glucose (1.49 g.L* + 0.04), high
insoluble fiber content (63.79%), as well as a significant soluble fiber content (1.5%)
(Andrade et al., 2016; Capuano, 2017; Holscher, 2017).

At 12, 18 and 24 h of fermentation by B. animalis, media with PR and GR
presented decrease on pH values statistically similar to FOS (p < 0.05), a prebiotic
compound used to stimulate the growth of probiotic bacteria through cross feeding
interactions and promotes the production of SCFAs with health-promoting benefits that
can regulate gut functions, such as mucus and epithelial barrier function, glucose and lipid
metabolism, immunity and satiety (Cunningham et al., 2021).

The prebiotic activity scores (PAS) of pucd and gabiroba residues reflects
quantitively the ability of the substrates to promote selective growth of specific
microorganisms in the presence of competitors of the microbiota gut, like Escherichia
coli. Positive values of PAS were found for PR, GR and FOS (Table 3). GR and PR PAS
were similar to FOS in all of the probiotic strains. Substrates with great PAS can support
the growth of probiotic bacteria, and for a positive PAS value, cellular growth of enteric
bacteria cultivated with probiotics should be lower than the growth on media with GLU,
as well as the ones in this study (Huebner et al., 2007).

TABLE 3
Pectin oligosaccharides are considered as an emerging prebiotic with gut

regulation properties, and this compound, obtained from citrus peel pectin, showed
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prebiotic activity scores of 0.41 for Lactobacillus, comparable to PR in L. casei (0.39 +
0.16) and GR (0.39 £ 0.15) in L. acidophilus PAS presented in this study (Zhang et al.,
2018). The PAS for FOS or the tested residues were great on B. animalis, finding also
reported by (Melo et al., 2020) for monofloral honeys produced by native bees from
Brazilian Northeastern.

During the fermentation process, the contents of fructose, glucose and maltose
decreased (p < 0.05) in media with all of the carbon sources and inoculated probiotic
strains (Table 4). Regardless of the inoculated probiotic, fructose was the most depleted
sugar after 48 h of incubation in media with PR and GR. These results indicate that both
residues were metabolized by Lactobacillus and Bifidobacterium isolates with
consumption of sugars promoting high viable counts, such as FOS, indicating a positive
result in investigation as prebiotic compound (Gibson et al., 2017; Sanders &
Klaenhammer, 2001). Also, sugar consumption by probiotic bacteria is associated with
decrease pH values during incubation time, indicating organic acid production, such as
SCFA, that are important to intestinal health and can modulate metabolic activities,
increasing immunological system, appetite and intestinal homeostasis (Gibson et al.,
2017; Ribeiro et al., 2020).

TABLE 4

Latic and acetic acids are SCFA produced by Lactobacillus and Bifidobacterium
during carbohydrates colonic fermentation (Patrignani et al., 2018). Higher production of
lactic acid in the medium with GLU and FOS inoculated with the probiotic strains can
explains lower pH values observed when compared to media with PR and GR. However,
at 18 and 48 h of fermentation, acetic acid was found in higher concentrations in media
with PR inoculated with L. acidophilus and L. casei when compared to media added with

glicose and FOS. In media inoculated with B. animalis, at 48 h of incubation, PR also
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showed higher content of acetic acid (4,06 g.L™ + 0,38) to media with GLU (2,01 g.L +
0,11) (Table 5). This SCFA is related to body weight control and glucose homeostasis,
and can inhibit the growth of enteropathogenic bacteria from microbiota (Hernandez et
al., 2019).
TABLE 5

Lactic acid can be metabolized in the colon and converted to propionic acid
(Barroso et al., 2016). Propionic acid contents decreased (P < 0.05) during cultivation in
media with FOS inoculated with B. animalis, while in media with PR and GR presented
higher content of this acid in all tested probiotic strains, especially on 48 h of incubation.
The production of propionic acid by the intestinal microbiota in the presence of catechin
and quercitin have increased when compared to FOS (Zheng et al., 2017), which could
indicate that the phenolic compounds presented in PR and GR may have promoted the
production of propionic acid by Lactobacillus and Bifidobacterium, in greater amounts
(1,77 g.L.1 £ 0,03 in PR and 2.63 g.L™! + 0,05 in GR) than GLU (0.31 g.L"%+ 0,00) and
FOS (0,47 g.L ™ +0,01).

Citric, malic, succinic and formic acids were detected in significant amounts
mainly on media with PR and GR. Organic acids belong to the primary metabolites in
plants and are important components that can contribute to the taste of products with great
consumer acceptance (Zheng et al., 2019). Also, the presence of these organic acids could
be related with the ability of probiotic bacteria producing through fermentation process
and inhibiting enteric pathogens (Albuquerque et al., 2020).

Although there are significant reports on literature regarding Cerrado peel, pulp
and seeds fruits, the focus is on bioactive compounds and biological activities, such as
antioxidant and anti-inflammatory (Malta et al., 2013; Prado et al., 2020; Rosa et al.,

2016). Until now, there is no data on the prebiotic activity of Cerrado fruit residues, such
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as PR and GR. These residues were all used as a carbon source in in vitro fermentation,
therefore they stimulated the growth of the probiotic microorganisms, reduced pH of the
medium and produced organic acids. Further studies are needed to the complete
evaluation of these prebiotic effect. However in vitro studies are first steps in
investigation of the functional effects of fruits, being an effective guide for in vivo

experimental model researches.

4. Conclusions

The results of this study showed that puca and gabiroba residues have relevant
nutritional characteristics for promoting human health, since they presented important
phenolic compounds and dietary fiber content. The residues also presented potential
prebiotic properties toward recognized probiotic strains. PR and GR showed elevated
prebiotic activity scores and growth effects toward Lactobacillus and Bifidobacterium
when compared to a recognized prebiotic (FOS) and glucose. The phenolic compounds
of the both residues may be involved on the mechanism of the positive prebiotic activity
observed. These findings demonstrate that puca and gabiroba residues have industrial
potential for being used as an ingredient for functional food products. This can encourage
the industry to valorize the residues of these fruits and reduce the negative impacts on the

environment caused by their discard.
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Table 1. Chemical composition (g.100 g) of freeze-dried puca and gabiroba residues
used in assays to evaluate potential prebiotic properties.

Parameters PR GR
Moisture 4.35 +0.00 9.54+0.31
Ash 2.45 £ 0.07 2.36 £ 0.03
Protein 6.15 £ 0.00 8.12+£0.27
Lipid 18.45 £ 0.00 13.05 £ 0.53
Total dietary fiber 55.70 £ 0.50 65.29 + 0.64
Soluble fiber <0.10 1.50 + 0.08
Insoluble fiber 55.70 £ 0.50 63.79 £ 0.70
Carbohydrates 12.90 £ 0.50 1.64 + 0.66
Sugars (g.L™?)

Maltose NF NF

Glucose 1.40+0.29 1.49+0.04
Rhamnose NF NF

Fructose 1.47 £0.13 2.27 £0.06
Organic acids (g.L™?)

Citric 0.46 £ 0.06 0.18 £0.01
Tartaric NF NF

Malic 0.04 £0.01 0.01+0.01
Succinic 0.70 £ 0.07 0.60 £ 0.01
Lactic NF NF

Formic 0.06 £0.11 0.01£0.00
Acetic NF NF
Propionic NF NF

Energy value (kcal.100g}) 242.25 156.49

LPR: pucé residue; GR: gabiroba residue; NF: not found.
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Table 2. Contents (mg.L™) of phenolic compounds in freeze-dried puca and gabiroba
residues used in assays to evaluate potential prebiotic properties.

Phenolic compounds PR GR

Gallic acid 3.16 £0.16 449 +0.15
Syringic acid 0.25+0.04 0.42 £0.06
Hesperidin 2.74£0.11 5.40 £ 0.07
Cis-Resveratrol 0.75+0.03 2.84 +£0.23
Naringenin 2.77+£0.15 2.32 +0.09
Procyanidin B1 2.31+£0.29 16.52 £ 0.43
Procyanidin B2 12.97 £ 0.33 13.88 £0.72
Catechin 6.66 +0.15 44.71 +1.49
Epicatechin 0.18 +0.01 NF
Epicatechin gallate 579+£0.21 NF

Caftaric acid 8.53+0.01 5.03+0.17
Chlorogenic acid 0.14+£0.01 2.17 £ 0.26
Caffeic acid 0.07£0.01 NF
p-Coumaric acid NF 0.26 £ 0.00
Trans-Resveratrol 0.15+0.01 0.10 +0.00
Myricetin 8.63+0.34 2.99 £ 0.06
Quercitin 3-Glucoside NF 3.25+0.06
Rutin 1.29+1.50 5.08 £ 0.07
Kaempferol 3-glucoside 1.46 +0.10 9.84+0.20

PR: pucé residue; GR: gabiroba residue; NF: not found.

Table 3. Prebiotic activity scores (mean + standard deviation) of fructooligosaccharides
(FOS, 20 g.L ™), freeze-dried puca residue (PR) and gabiroba residue (GR) (20 g.L™) on
different probiotic strains.

Strains Carbon source

FOS PR GR
Lactobacillus acidophilus LA-05 0.36 £ 0.16 0.31+0.06 0.39+0.15
Lactobacillus casei L-26 0.49+0.17 0.39+0.16 0.53+0.17

Bifidobacterium animalis subsp. lactis BB-12 ~ 0.40 + 0.20 0.36 £0.13 0.42+0.04
No significant difference (p > 0.05) among values found for PR, GR or FOS on different
probiotic strains, as well as for PR, GR and FOS on a same probiotic strain, based on
Tukey’s test.
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Figure 1. pH values and viable cell counts of L. acidophilus LA-05 (A, B), L. casei L-26
(C, D) and B. animalis BB-12 (E, F) in media with glucose, fructooligosaccharides,
freeze-dried puca residues, freeze-dried gabiroba residues, and without carbon source
(negative control) during 48 h of incubation.

—GLU —+FOS —WCS PR -+ GR

GLU: Glucose; FOS: Fructooligosaccharides; WCS: Without carbon source; PR: freeze-
dried pucé residue; GR: freeze-dried gabiroba residue.
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Table 4. Contents (g.L™?) of sugars in media with glucose (20 g.L™?), fructooligosaccharides (20 g.L™), puca residue (20 g.L™), and gabiroba residue (20 g.L™?)

inoculated with L. acidophilus, L. casei and B. animalis during 48 h of incubation.

Sugars  Carbon _Strains

source L. acidophilus L. casei B. animalis

Oh 18h 48 h Oh 18 h 48 h O0h 18h 48 h

Maltose GLU 0.53+0.004  0.12+0.00% 0.03+0.018% 0.46+0.09%% 0.10+0.09%8 0.02+0.00®%8 0.48+0.09"° 0.05+0.05%° 0.03 + 0.008"

FOS 0.88 + 0.014 NF NF 0.69+0.14"° NF NF 0.44 £0.14”° NF NF

PR 0.39 £ 0.05%¢ NF NF 0.35+0.04"° NF NF 0.57 +£0.03”"* NF NF

GR 0.48 £0.117"  0.02 +£0.02%%® NF 0.32+0.02”° 0.01+£0.01% 0.05+0.07%% 0.64+0.02% 0.46+0.03%8 0.24+0.01
Glucose GLU 16.97 £ 0.03%  582+0.03% 1.07+0.05% 13.87+ 2.95+0508 1.07+0.02%¢ 13.75% 5.67 £0.928¢  0.91 +0.05%

2.39% 2.08%

FOS 3.61+0.037 1.38£0.048° 1.31+0.018¢ 3.48+0.10"° 1.37+0.01% 1.14+0.03% 3.62+0.00"° 0.46+0.65%°  1.05+0.0152

PR 1.19 + 0.144¢ 1.16 £0.04%° 1.16 £0.01"® 1.26+0.10"° 1.05+0.25°% 1.09+0.024% 1.49+0.02"° 0.90+0.01%° 1.17 +0.02*

GR 1.41 + 0.004¢ 1.07£0.138¢  0.96 £0.095¢ 1.36+0.07A* 0.90+0.18"% 0.80+0.32°% 1.54+0.02A° 1.21+0.06"° 1.18+0.02*
Fructose GLU 1.18 £ 0.014¢ NF NF 0.18+0.26"° NF NF 2.67£0.47% NF NF

FOS 7.07£0.08"°  407+020% 0.77+0.00° 559+157%% 160+0.37% NF 3.56+0.91% 500+1.46% 213+0.02%

PR 0.53 + 0.08%¢ NF NF 0.54+0.05"" NF NF 0.72+0.02"* NF NF

GR 0.96 + 0.00A¢ NF NF 0.82 +£0.06"° NF NF 1.02+0.03%*  0.38£0.02%* NF

A-C: diferent superscript capital letters in the same column for the same sugars at different cultivation time for each tested isolated denote differences (p < 0.05), based on
Tukey’s test; a—c: different superscript small letters in the same row and different measured sugars for each isolate among media with GLU, FOS, PR and GR denote difference,
based on Tukey’s test (p<0.05). NF: not found; GLU: glucose; FOS: fructooligosaccharides; PR: puga residue; GR: gabiroba residue.
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Table 5. Contents (g.L™) of organic acids in media with glucose (20 g.L?), fructooligosaccharides (20 g.L™*), puca residue (20 g.L™), and gabiroba residue (20
g.L?) inoculated with L. acidophilus, L. casei and B. animalis during 48 h of incubation.

Organic acids Carbon source Strains
L. acidophilus L. casei B. animalis
18 h 48 h 18h 48 h 18 h 48 h
Citric GLU 1.32 +£0.244 1.33 £ 0.074° 1.28 + 0.40% 1.22 +0.03% 1.47 £ 0.264 0.95 +0.01B°
FOS 1.12 + 0.05%° 1.07 £ 0.017° 0.70 £ 0.17A% 1.02 £ 0.03% 1.14 + 0.30%° NF
PR 0.51 + 0.024¢ NF 0.42 +£0.127° 0.02 +0.037 1.34 +0.02%° 0.55 + 0.0082
GR 1.75 £ 0.2442 1.563£0.18% 1.35+0.274 1.21 £ 0.49% 1.92 +£0.10% 1.94 + 0.0442
Malic GLU 0.40 £ 0.007 0.38 £ 0.024 0.26 + 0.05" 0.39 £ 0.01B2 0.35 £ 0.074 0.27 £ 0.0082
FOS 0.25 +0.017° 0.32 + 0.008° 0.10 + 0.037° 0.18 £ 0.01B° 0.37 £0.017 0.22 £ 0.0082
PR 0.10 + 0.00A¢ 0.08 + 0.024¢ 0.08 £ 0.027° 0.08 + 0.004¢ 0.08 +£0.03*° 0.08 +0.024
GR 0.08 + 0.024¢ 0.06 + 0.014¢ 0.05 +0.017° 0.03 + 0.054¢ 0.08 +£0.017° 0.08 + 0.007
Succinic GLU 1.22 £0.017 1.25 + 0.06"° 0.47 £ 0.06"° 0.55 + 0.02A%® 0.53 +£0.08"° 0.40 + 0.0152
FOS 1.19 + 0.064° 1.31 +£0.014° 0.24 +0.117° 0.44 + 0,024 0.42 +£0.10* 0.85 + 0.0082
PR 2.38 £0.074 1.83 £ 0.0282 0.39 +0.05%° 0.46 + 0.034 0.47 £0.017° 0.73+£0.0352
GR 1.37 £0.207 1.18 £0.13%° 1.09 + 0.2142 0.98 + 0.374¢ 0.87 + 0.04"2 0.83 £ 0.024
Lactic GLU 19.80 + 0.03%¢ 26.14 + 1.38B2 19.32 £ 2,777 25.92 £ 0.53B2 14.97 + 2,537 15.69 + 0.164°
FOS 21.32 £0.70% 27.77 £ 0.31B2 13.54 + 3.274° 24.86 +0.7982 2.21+£0.514 24.58 + 0.2582
PR 3.03+0.15%° 3.08 +0.034° 2.76 + 0.66%° 2.61+0.034 2.14 +£0.034 2.48 £ 0.074¢
GR 2.84 +0.37° 2.51+0.25% 2.06 + 0.374¢ 1.98 £ 0.824° 2.32 +£0.144° 3.16 £ 0.054¢
Formic GLU NF NF NF NF 0.42 £ 0.59% 0.54 £ 0.124
FOS NF NF NF NF 0.36 £ 0.12"2 0.40 £ 0.56%
PR 0.29 + 0.017¢ 0.32 £ 0.00%2 0.31 £ 0.08% 0.32 £ 0.0172 0.72 £ 0.017¢ 0.42 £ 0.12%2
GR 0.19 + 0.047° 0.16 + 0.024 0.13 +0.03° 0.12 +0.074 0.21 £ 0.024 0.22 +0.00%
Acetic GLU 2.52 +0.07° 2.04 £ 0.6742 2.29 + 0.437 2.62 +0.047® 2.46 +0.10% 2.01+0.117
FOS 2.53+0.017° 2.52 +0.0142 1.68 +£0.33% 2.51 +0.06%%® 2.18 +0.487 4.21 +1.2652
PR 3.51+0.18% 3.73+0.037 3.45 +0.76" 3.74 £ 0.09% 2.61+0.10% 4.06 + 0.3852
GR 2.42 +0.307° 2.21 +0.20% 1.93 +£0.39% 1.76 £ 0.70%° 2.55+0.124 2.63 +0.05%%®
Propionic GLU 0.46 + 0.00% 0.57 £ 0.024 0.36 + 0.08A 0.63 +0.014° 0.46 £ 0.10%¢ 0.31 £ 0.004¢
FOS 0.42 £0.017 0.55 + 0.004 0.24 £+ 0.06*° 0.69 + 0.024° 1.01 £0.274° 0.47 £0.018¢
PR 1.85+0.074 3.13 +£0.04B° 2.41+0.63% 3.07 £ 0.06%2 1.04 + 0.00° 1.77 £ 0.03B°
GR 1.50 + 0.204¢ 1.46 + 0.15%¢ 1.21 +0.24% 1.20 £ 0.48% 2.46 £0.14% 2.63 £ 0.05%¢

A-C: diferent superscript capital letters in the same column for the same organic acid at different cultivation time for each tested isolated denote differences (p < 0.05), based
on Tukey’s test; a—c: different superscript small letters in the same row and different measured organic acids for each isolate among media with GLU, FOS, PR and GR denote
difference, based on Tukey’s test (p<0.05). NF: not found; GLU: glucose; FOS: fructooligosaccharides; PR: puca residue; GR: gabiroba residue.
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CONCLUSOES

Os resultados deste estudo mostraram que os residuos de puca e gabiroba
apresentam caracteristicas nutricionais relevantes para a promoc¢do da saude
humana. Os residuos estudados também apresentaram propriedades prebidticas
potenciais para cepas probioticas reconhecidas. O residuo liofilizado de gabiroba
mostrou 0s maiores escores de atividade prebidtica e os maiores efeitos de
crescimento para Lactobacillus e Bifidobacterium quando comparado a um prebidtico
reconhecido (FOS) e glicose. Os compostos fenélicos de ambos os residuos podem
estar envolvidos no mecanismo de atividade prebiotica positiva observada. Esses
achados demonstram que os residuos de puca e gabiroba possuem potencial
industrial para serem utilizados como ingrediente para produtos alimenticios
funcionais. Espera-se que esses resultados estimulem a industria a valorizar os
residuos desses frutos e reduzir os impactos negativos ao meio ambiente causados

pelo seu descarte.
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ANEXO A - Instrucdes aos autores do periodico

Food Research International is the successor to the Canadian Institute of Food
Science and Technology Journal. Building on the quality and strengths of its
predecessor, Food Research International has been developed to create a truly
international forum for the communication of research in food science.

Food Research International provides a forum for the rapid dissemination of
significant novel and high impact research in food science, technology, engineering
and nutrition. The journal only publishes novel, high quality and high impact review
papers, original research papers and letters to the editors, in the various disciplines
encompassing the science and technology of food. It is journal policy to publish
special issues on topical and emergent subjects of food research or food research-
related areas. Special issues of selected, peer-reviewed papers from scientific
meetings, workshops, conferences on the science, technology and engineering of
foods will be also published.

Food Research International does not publish papers with a product development
emphasis, statistical optimizations of processes or surveys. This is based on the
editorial policy of the journal to publish more fundamental work with a strong
guantitative emphasis and of a general nature.

Topics covered by the journal include:

Emerging Technologies

Sensory Aspects of Foods

Food Toxicology

Food Chemistry and Analysis

Food Omics

Nutrition, health and food digestion

Food Engineering and Materials Science of Foods
Functional Foods

Food Microbiology, Safety and Quality

Please also refer to the list of subjects not considered in Food Research
International before you submit your paper. These topics can be found in the full aims
and scope of the journal.

Types of paper

1. Research papers - original full-length research papers which have not been published
previously, except in a preliminary form, and should not exceed 6,000 words. The
word count refers to the text of the manuscript per se, i.e., references, figures and
tables are not considered.

2. Review articles - will be accepted in all areas of food science covered by the scope of
the journal. Review articles focused on recent literature published (for example, over
the previous 2-5 years) as well as comprehensive and definitive reviews will be
considered.Review papers must contain critical assessment of literature and may


https://www.journals.elsevier.com/food-research-international/
https://www.journals.elsevier.com/food-research-international/
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also contains author's views on the subject. There are no word counts and reference
numbers limit for review papers.

3. Short communications - Food Research International does not publish short
communication papers.

4. Letters to the Editor - Letters are published from time to time on matters of topical
interest.

5. Book Reviews

Food Research International is concerned with safeguarding the rights and welfare of
animals and human research subjects. Authors must provide a letter with the
approval from the ethics committee from the respective University or research center
where the study was performed.

The list of references must be as updated as possible. Making reference to recent
work in the field is particularly key to highlight the current context of the manuscript
and to make it more comprehensive, to highlight the novelty to the readers as well as
its contribution to the field.

Contact details for submission

Submission for all types of manuscripts to Food Research International proceeds
totally online. Via the Editorial Manager (EM) website for this

journal, https://www.editorialmanager.com/foodres/default.aspx, you will be guided
step-by-step through the creation and uploading of the various files.

Questions regarding content of a proposed submission can be directed
to: foodresearchinternational@gmail.com.

Submission checklist

You can use this list to carry out a final check of your submission before you send it
to the journal for review. Please check the relevant section in this Guide for Authors
for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Cover Letter, clearly stating the novelty of your research

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

 Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)


https://www.editorialmanager.com/foodres/default.aspx
mailto:foodresearchinternational@gmail.com
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Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa
* Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

» A competing interests statement is provided, even if the authors have no competing
interests to declare

* Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

g Before You Begin

Ethics in publishing

Please see our information on Ethics in publishing.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the
work described has been carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving
humans. The manuscript should be in line with the Recommendations for the
Conduct, Reporting, Editing and Publication of Scholarly Work in Medical

Journals and aim for the inclusion of representative human populations (sex, age and
ethnicity) as per those recommendations. The terms sex and gender should be used
correctly.

Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human
subjects must always be observed.

All animal experiments should comply with the ARRIVE quidelines and should be
carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986
and associated guidelines, EU Directive 2010/63/EU for animal experiments, or the
National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the
manuscript that such guidelines have been followed. The sex of animals must be
indicated, and where appropriate, the influence (or association) of sex on the results
of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people
or organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors must disclose any interests in two places: 1. A summary


https://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics#Authors
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https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.nc3rs.org.uk/arrive-guidelines
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declaration of interest statement in the title page file (if double anonymized) or the
manuscript file (if single anonymized). If there are no interests to declare then please
state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of a
separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by
the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with

Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not
count as prior publication (see 'Multiple, redundant or concurrent publication’ for more
information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Content should make no
assumptions about the beliefs or commitments of any reader; contain nothing which
might imply that one individual is superior to another on the grounds of age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition; and use
inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We
advise to seek gender neutrality by using plural nouns (“clinicians, patients/clients")
as default/wherever possible to avoid using "he, she," or "he/she." We recommend
avoiding the use of descriptors that refer to personal attributes such as age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition unless they
are relevant and valid. These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining
their individual contributions to the paper using the relevant CRediT roles:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship
statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example
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Changes to authorship

Authors are expected to consider carefully the list and order of

authors before submitting their manuscript and provide the definitive list of authors at
the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been
accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition
or removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels
your article is more suitable in one of our other participating journals, then you may
be asked to consider transferring the article to one of those. If you agree, your article
will be transferred automatically on your behalf with no need to reformat. Please note
that your article will be reviewed again by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (see more information on this). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked
to complete a 'License Agreement’ (more information). Permitted third party reuse of
gold open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated.

Open access

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available
from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX)
are required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.

Authors must provide and use an email address unique to themselves and not
shared with another author registered in EM, or a department. It is mandatory to
upload a Cover Letter together with your manuscript that explain in details the novelty
of your research and why it is suitable for Food Research International. If the novelty
of your research is not clear, the paper can be rejected by the editors or reviewers.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole
right to decide whether or not the suggested reviewers are used.

u Preparation
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Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
are then typically sent to a minimum of two independent expert reviewers to assess
the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. Editors are
not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services
in which the editor has an interest. Any such submission is subject to all of the
journal's usual procedures, with peer review handled independently of the relevant
editor and their research groups. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces,
to align columns. The electronic text should be prepared in a way very similar to that
of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note
that source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
‘grammar-check’ functions of your word processor.

All pages of the manuscript must be numbered. All lines must be numbered
continuously throughout the manuscript.

General: Manuscripts must be typewritten, with 2 cm margins. Each page must be
numbered, and lines must be consecutively numbered from the start to the end of the
manuscript. Good quality printouts with a font size of 12 or 10 pt are required. The
corresponding author should be identified (include a valid E-mail address). Full postal
and email addresses must be given for all co-authors. Authors should consult a
recent issue of the journal for style if possible. The Editors reserve the right to adjust
style to certain standards of uniformity. Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in
section numbering). Use this numbering also for internal cross-referencing: do not
just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.
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Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and
indicated by a reference. If quoting directly from a previously published method, use
guotation marks and also cite the source. Any modifications to existing methods
should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already
dealt with in the Introduction and lay the foundation for further work. In contrast, a
Calculation section represents a practical development from a theoretical basis.

Authors are encouraged to read the helpful notes on statistics applied in the planning
of experiments and assessment of results in the field of food science and technology.
The more important univariate and bivariate parametric and non-parametric methods,
their advantages and disadvantages are presented in "Observations on the use of
statistical methods in Food Science and Technology by Granato
(http://www.sciencedirect.com/science/article/pii/S0963996913005723).

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract,
Keywords, Main text (Introduction, Material and Methods, Results, Conclusion),
Acknowledgements, Appendix, References. The corresponding author should be
identified with an asterisk and footnote. All other footnotes (except for table
footnotes) should be identified with superscript Arabic numbers. The title of the paper
should unambiguously reflect its contents. Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. You
can add your name between parentheses in your own script behind the English
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transliteration. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure
that the e-mail address is given and that contact details are kept up to date by
the corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address’) may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the examples here: example

Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at
a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on
our information site.

Authors can make use of Elsevier's lllustration Services to ensure the best
presentation of their images also in accordance with all technical requirements.
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Keywords

Immediately after the abstract, provide at least 6 keywords (maximum allowed: 12
keywords), using American spelling and avoiding general and plural terms and
multiple concepts (avoid, for example, ‘and’, 'of'). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. Keywords must be
different from title to enhance searchability and findability. These keywords will
be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
XXxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system
of units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical
abuse and will be dealt with accordingly. For graphical images, this journal is
applying the following policy: no specific feature within an image may be enhanced,
obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or
color balance are acceptable if and as long as they do not obscure or eliminate any
information present in the original. Nonlinear adjustments (e.g. changes to gamma
settings) must be disclosed in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
* Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color
vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.
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Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables must be placed on
separate page(s) at the end of the manuscript. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the
table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either '‘Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

The list of references must be as updated as possible. Making reference to recent
work in the field is particularly key to highlight the current context of the manuscript
and to make it more comprehensive, to highlight the novelty to the readers as well as
its contribution to the field.

Web references
As a minimum, the full URL should be given and the date when the reference was
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last accessed. Any further information, if known (DOI, author names, dates, reference
to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template
when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in
this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information
on how to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:
http://open.mendeley.com/use-citation-style/food-research-international

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the
American Psychological Association, Seventh Edition, ISBN 978-1-4338-3215-4,
copies of which may be ordered online.

List: references should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a
scientific article. Journal of Scientific Communications, 163, 51-59.
https://doi.org/10.1016/j.s¢.2010.00372.
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Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a
scientific article. Heliyon, 19, Article e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman
(Chapter 4).

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your
article. In B. S. Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp.
281-304). E-Publishing Inc.

Reference to a website:

Powertech Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-
analysis/. Accessed January 6, 2016

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., & Nakashizuka, T. (2015). Mortality data
for Japanese oak wilt disease and surrounding forest compositions. Mendeley Data,
v1. https://doi.org/10.17632/xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image Behaviours
Inventory-3: Development and validation of the Body Image Compulsive Actions and
Body Image Avoidance Scales. Poster session presentation at the meeting of the
Association for Behavioural and Cognitive Therapies, New York, NY.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D.,
Manzini, G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S.,
Painter, S., Jafarov, E., & Molins, S. (2020, March 25). Advanced Terrestrial
Simulator (ATS) v0.88 (Version 0.88). Zenodo.
https://doi.org/10.5281/zenodo.3727209.

Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a
preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files
supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect. Please supply 'stills’ with your files: you can
choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video
and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that
refer to this content.
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Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the 'Track Changes' option in Microsoft Office files as these will appear in the
published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References”
section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit

the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to
your published article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets
will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your
data is unavailable to access or unsuitable to post, you will have the opportunity to
indicate why during the submission process, for example by stating that the research
data is confidential. The statement will appear with your published article on
ScienceDirect. For more information, visit the Data Statement page.

u After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide
us with their proof corrections within two days. Corresponding authors will receive an
e-mail with a link to our online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you
to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The
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Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via

Elsevier's Author Services. Corresponding authors who have published their article
gold open access do not receive a Share Link as their final published version of the
article is available open access on ScienceDirect and can be shared through the
article DOI link.
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